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The European com borer, Ostrinia nubilalis (Hlibner), is considered 
one of the most important pests of corn in the United States. 
Considerable information exists on the effects of corn borer infes­
tations on the yield of open pollinated and hybrid strains of corn. In­
dexes for estimating yield losses, such as the number of borers or borer 
cavities per plant, have been studied. Likewise, numerous investigations 
aimed at determining the need for and timing of insecticide applications 
have been conducted on hybrid strains. However, little information is 
available on the effects of corn borer injury on yield of inbred lines. 
Profitable production of corn grown for grain or forage has been 
made possible by advances in hybrid seed corn production. Inbred lines, 
developed for specific agronomic characters, are the backbone of the 
hybrid seed corn industry. Certain inbred lines have been developed for 
resistance to first-generation corn borer feeding and have contributed 
substantially to reducing losses when combined with other inbreds to 
produce commercially grown hybrids. However, many inbreds used for 
commercial seed production are susceptible to corn borer but possess 
other desirable agronomic characters. 
Therefore, this study was designed to determine the effects of the 
corn borer on yields of 2 inbreds, WF9 and B37, and the single-cross 
hybrid they produce. These inbreds were selected because they are 
susceptible to European corn borer injury. Inbred WF9 has been used 
extensively in the commercial production of hybrid seed corn in the past. 
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Inbred B37 is currently used extensively. The single-cross was included 
for general comparative purposes and as representative of a susceptible 
single-cross hybrid. 
Inbreds grown for seed stock or for the production of single-cross 
seed corn and single-crosses grown for the production of multiple-cross 
seed corn are usually planted relatively early in the planting season for 
central Iowa in order to obtain maximum seed yield. Under these conditions 
it is possible for the plants to be in a stage of growth conducive to ovi-
position and survival of first-generation borers or both first- and 
second-generation borers, but it is not likely to be planted so late 
as to suffer attack from the second-generation alone. For these reasons 
the experiments conducted in this investigation were planted in mid May 
in order to be in favorable growth stages for natural and supplemental 
infestations of both generations. 
With the above considerations in mind, the objectives of this study 
were to: (1) determine the relative importance of the first generation 
of the corn borer as opposed to the 2 generations in combination, (2) 
determine the relationship between the number of cavities found in the 
fall and yield for first-generation and first- plus second-generation 
infestations, (3) determine the relationship between the intensity of 
leaf feeding injury due to first-generation populations and yield, and 
(4) determine the relationship between the percentage of plants showing 
noticeable first-generation leaf feeding injury and yield. 
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The successful fulfillment of the above objectives would provide 
data Cor the seed corn grower to use in assessing yield losses and 
would possibly shed some light on the validity of current recommendations 
for determining when chemical control treatments for first-generation 
borers are needed in seed corn production fields. 
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REVIEW OF LITERATURE 
European Corn Borer 
Accounts of the history and significant investigations on biology, 
host plants, population statistics, ecology and control of the European 
corn borer, Ostrinia nubilalis (Hlibner) , are presented by Brindley and 
Dicke (1963). Therefore the literature reviewed for this thesis will 
be limited primarily to investigations pertaining to damage and yield 
losses due to larval populations and control as related to criteria for 
determining the need for chemical treatment. 
Numerous investigations have been conducted on open pollinated and 
hybrid field corn both in terms of damage and timing of chemical con­
trol measures. However, only one publication was found which contained 
any information on measured effect of the corn borer on the yield of in­
bred lines. Therefore, it is considered desirable to review some of 
the more significant works on field corn in general, even though this 
investigation is concerned with yield losses associated with various 
levels of European corn borer establishment on inbred and single-cross 
seed corn. 
An account of the general life cycle and habits of the European corn 
borer is considered desirable in order to acquaint the reader with the 
insect and its relationship with dent corn under normal conditions in 
central Iowa. The following account is drawn from information presented 
by Dicke (1954) and the North Central Regional Research Committee (1968). 
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The corn borer, like other species within the order Lepidoptera, 
has four distinct life stages - egg, larva, pupa, and adult. The 
succession of these four stages constitutes a brood or generation. Lar­
vae usually have 5 instars. Overwintering is spent as full grown 
diapausing larvae in suitable parts of the corn plant or in weeds or 
other plant material in the field. Pupation occurs in May or June with 
exact time and length of subsequent development dependent primarily upon 
temperature accumulations above 50° F. Adult moths emerge from late May 
to early July. Daytime hours are spent in sheltered areas with mating 
and egg laying accomplished chiefly at night. Moths developing from 
overwintering larvae are attracted to the tallest or more advanced corn 
in the area. Egg masses containing 15 to 25 eggs are normally deposited 
near the midrib on the underside of corn leaves. First-instar larval 
establishment and feeding is closely associated with the moist areas of 
the rolled whorl leaves. As the leaves become more exposed and larvae 
advance in development, the primary feeding point of the third- and 
fourth-instar is connected with sheath and midrib areas. Stalk invasion 
does not become extensive until the fifth-instar. Fully mature larvae 
of the first generation pupate in the corn stalk or on corn leaves. 
Moths developing from larvae of the first generation emerge from 
late July to early September. At this time corn has normally advanced 
to or beyond the tasseling stage. Moths seem to prefer the most recently 
tasseled corn for egg laying. At this time the primary points of es­
tablishment of first-instar larvae are at the ligule and behind the 
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sheath on pollen accumulations and on the young ear shoots. Larger 
larvae (third- and fourth-instar) feed mainly on ear shoots and behind 
the sheath or on sheath parts. During the more advanced instars, lar­
vae may also feed on the cob and ear kernels. Stalk and ear shank in­
vasion is confined chiefly to the fifth-instar, Mature larvae of the 
second generation pass the winter in diapause. 
Damage and Yield Losses 
Some of the earliest work on yield losses to commercial field corn 
in the United States was reported by Caffrey and Worthly (1927). In 
studies comparing ear production, ear weight, and grain injury to 
Longfellow flint corn in the New England area they found that 5.33 per­
cent more ears were present on noninfested stalks, weight of ears from 
noninfested stalks exceeded that of infested stalks by 15.21 percent 
and approximately 2.0 percent of the grain produced on infested stalks 
was damaged or destroyed. Thus, they concluded that indirect yield loss, 
due to larvae feeding in the stalk and ear shank, was more important 
than direct yield loss due to larvae feeding on the grain. 
The authors also stated that actual extent of injury and economic 
loss resulting from indirect injury to ears and stalks was difficult to 
estimate and varied greatly depending upon such factors as percent of 
plants infested, the number of borers per plant, stage of plant develop­
ment when attacked, part of plant attacked, and growth habit of the corn 
variety. 
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Agronomie research by Salter and Thatcher (1927) in Ohio during 
1925 and 1926 with single-generation populations revealed that severity 
of infestation decreased markedly as the date of planting was delayed. 
Relative weights of ears from infested stalks ranged from 5.19 to 9.14 
percent lighter than those from noninfested stalks. 
The first report of attempts to Manipulate population levels and 
use regression methods to estimate yield loss per borer, expressed either 
in percent or in bushels per acre per borer per plant, was presented by 
Neiswander and Herr (1930). Working in Ohio with single-generation 
borers, a range of levels of infestation was established on plots of 
corn by checking plants every 2 days for egg masses and removing dif­
ferent proportions of egg masses from certain plots and placing their 
equivalent on plants in other plots. They concluded that although with­
in a given variety there was a direct correlation between corn borer 
populations and yield reduction, it was doubtful that a specific formula 
based solely on borer population per stalk could be established that 
would apply to all varieties, soils, planting dates, seeding rates, 
crop rotations and weather conditions. 
The laboratory production of large quantities of European corn borer 
egg masses for use in hand infestation of corn as described by Patch 
(1933) allowed more intensive and sophisticated studies on the effect of 
corn borer on yield and quality of various strains of corn. By arti­
ficial infestation of unit plots of corn it was possible for workers to 
study effects from several different average borer populations or borer 
levels. 
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Reporting on comparative injury by the European corn borer to open 
pollinated and hybrid field corn under single-generation infestations 
in Ohio, Patch et al. (1941) stated that up to about 5 borers per plant 
there was no clear visual indication of reduction in yield although 
broken stalks and signs of infestation were numerous. Under severe in­
festations the authors said that the most noticeable indication of yield 
reduction was an increase in the number of earless plants with some 
plants bearing only unmarketable nubbins or injured ears. 
Results of various experiments over a number of years where a range 
of borer infestations was established by supplementing natural infesta­
tion with manually applied egg masses were discussed. Yield loss per 
acre per borer per plant was estimated at 2.53 bushels (2.99 percent), 
1.87 bushels (3.56 percent), and 2.45 bushels (3.71 percent) for a group 
of hybrids, for the open pollinated Clarage strain, and for a group of 
several other open pollinated strains respectively. Yields in the ab­
sence of borers, as estimated by regression equations, were 85.9, 54.8, 
and 68.7 bushels per acre respectively. Size of marketable ears was 
reduced by about 2.5 percent per borer per plant in both hybrid and 
open pollinated strains. 
Patch et al. (1942) studied factors determining the reduction in 
yield of field corn by the European corn borer in Ohio. In dry seasons 
damage per borer at a given level appeared to be greater than during 
seasons of adequate moisture. Plants infested early in their develop­
ment were found to suffer greater yield loss due to longer duration of 
borer feeding before the active period of ear production and consequent 
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weaker condition of plants during the period of ear production. 
Reductions in yield were found to be proportional to the number of 
borers per plant as determined from midsummer dissections of plants. 
Data from plantings of the Clarage strain in various localities of north­
west Ohio over a period of years showed that rates of yield reduction 
were 2.68 percent (2.27 bushels) and 4.86 percent (1.37 bushels) per 
borer per plant when normal yields in the absence of borers were 84.6 
and 28.2 bushels respectively. The rate of yield reductions for a 
group of hybrids was estimated at 3,93 percent (4.13 bushels) and 3.02 
percent (2.57 bushels) per borer per plant when the normal yields were 
105 bushels and 85 bushels per acre respectively. 
Holdaway, Cutkomp and Buzicky (1949) discussed damage and yield 
reduction due to the European corn borer in Minnesota. They stated that 
when mature first-generation borers averaged one per plant at the end of 
the season field corn yields were reduced by 3 to 4 percent, and when 
averaging 3 borers per plant yields were reduced by about 10 percent. 
Of the publications reviewed up to this point, all have been con­
cerned with the effects of first-generation or single-generation corn 
borer infestations which occur primarily during the whorl stage of corn 
development. Deay, Patch and Snelling (1949) reported on studies con­
ducted in Indiana pertinent to loss in yield of dent corn infested with 
second-generation borers which occurs when plants are usually in the 
tasseling stage. As an average, for a group of 16 hybrids studied in 
1944, the authors stated that yield of shelled corn per acre decreased 
by linear regression from 62 to 50 bushels per acre as the number of 
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borers per plant increased from 1.35 to 11.49. The reduction in yield 
was calculated at a rate of 1.18 bushels per acre per mature borer per 
plant. Average yield in the absence of borers was estimated at 63.7 
bushels per acre with the yield reduction estimated at 1.85 percent per 
borer per plant. As an average for two lots of single-cross hybrids 
tested in 1944 and 1945, they stated that hybrids with potential yields 
of 66.8 bushels per acre lost 1.21 bushels (1.81 percent) per borer per 
plant and hybrids with potential yields of 88.5 bushels per acre lost 
2.61 bushels (2.95 percent) per acre per borer per plant. 
Chiang and Hodson (1950) investigated stalk breakage and yield re­
duction caused by the European corn borer in Minnesota. They concluded 
that early plantings attacked by first-generation corn borers suffered 
greater permanent damage due to yield reduction and later plantings 
attacked by second-generation borers suffered heavier losses at harvest 
due to broken stalks and dropped ears. 
Stalk breakage and yield reduction due to second-generation borers 
in Indiana was studied by Patch, Deay and Snelling (1951). Although 
yield loss and stalk breakage varied with the various hybrids, the loss 
in yield due to borer feeding, resulting in reduced ear size, was found 
to be 10 times greater than the loss due to unharvestable ears. 
Chiang, Cutkomp and Hodson (1954) reported on investigations on the 
effects of second-generation corn borer infestations on field corn in 
Minnesota. Results of experiments were prefaced by discussion of a 
damage index of 3 percent loss per borer per plant, established primarily 
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as a reôult of work by Patch et al. (1941, 1942), for estimating loss 
due to single generation infestations, and the fact that the same index 
was being used in the North Central States region as based on fall sur­
veys in areas where 2 generations often occurred. 
They concluded that in their experiments second-generation borers 
had little effect on ear growth and that there was little basis for 
assigning the same damage index to both first- and second-generation 
borers, but rather populations of the 2 generations should be distinguished 
and the loss in yield assessed separately. 
The United States Department of Agriculture (1955) discussed the 
life history, injury and control of the European corn borer. In 2-
generation areas first-generation injury was described as causing the 
greatest yield reduction due to leaf feeding that destroys leaf surface 
and allows midribs to break and by stalk tunneling which weakens the 
plant, starves the ear and allows stalk and ear rot organisms to enter. 
Second-generation injury was stated as being primarily responsible for 
stalk breakage and ear dropping but not resulting in appreciable yield 
reduction although in late planted corn, ears that have badly damaged 
shanks due to the second-generation are likely to be chaffy. 
Luckmann and Petty (1957) discussed corn borer damage in Illinois. 
They presented results of 83 grower cooperator plots where the grower 
determined when to apply chemical control measures and entomologists 
made borer counts and took yields. On the basis of counts of mature 
first-generation larvae and corresponding yield data it was concluded 
that the more borers present the less each individual borer reduced yield. 
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In fields where mature borers averaged 1 per stalk each borer reduced 
yield by 5.5 percent but where there were 5 borers per stalk each borer 
reduced yield by 2.7 percent. Overall average yield in treated plots 
was given as 97.4 bushels and in untreated plots 90.3 bushels per acre 
over a 5-year period. 
The only report found to contain any information on the effect of 
the corn borer on the yield of inbred lines was that of Fleming et al. 
(1958). The studies, concerned primarily with the inheritance of re­
sistance and relationship of corn borer injury to certain agronomic 
characters, were conducted in Minnesota during 1949 and 1950. Yield 
data were presented from experiments conducted in 1950 involving 4 in-
breds classified as susceptible and 6 inbreds classified as resistant. 
As a result of the manual application of 5 corn borer egg masses 
per plant, applied over a period of 1 week when plants were 30 inches 
high, the susceptible inbreds as a group yielded an average of 22.8 
bushels per acre. The same 4 inbreds as a group yielded an average of 
34.9 bushels per acre in plots where no egg masses had been applied. As 
based on a leaf feeding injury scale of 1 to 4, the susceptible inbreds 
had high leaf injury ratings (ranging from 3.25 to 3.98) as a result of 
manual infestation. 
The 6 inbreds classified as resistant had low leaf injury ratings 
(ranging from 2.0 to 2.24) and as a group yielded an average of 25.8 
bushels per acre. The same 6 inbreds as a group yielded an average of 
28.5 bushels per acre in plots where no egg masses had been applied. 
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Everett, Chiang and Hibbs (1958), Kwolek (1958), and Kwolek and 
Brindley (1959) reported on results of the first 4 years of a 10-year 
project initiated in 1953 entitled "Factors Influencing European Corn 
Borer Populations, Regional Project NC-20". The cooperative project 
involved uniform simultaneous studies in Iowa, Minnesota and Ohio where 
the influence of weather, planting date, resistance and level of infesta­
tion on the abundance of first- and second-generation borers and effect 
on yield were studied. A resistant (Oh43 x Oh51A) and susceptible (WF9 
X M14) single-cross hybrid was used. Treatments were applied to provide 
different intensities of first- and second-generation borer infestations 
by using various combinations of natural infestation, artificial infesta­
tion and chemical control treatments. 
The relative importance of the 2 generations to corn yield was 
found to vary considerably from state to state. In Ohio first-generation 
effects were generally small while losses from the second-generation were 
pronounced. In Minnesota major losses were caused by the first-genera-
tion. In Iowa an intermediate situation existed with both generations 
having a measurable effect on yield. The widely used 3 percent loss per 
borer per plant figure was found to be consistent with loss estimates 
for Ohio and Minnesota. However, in Iowa for fall dissections of the 
second-generation the 3 percent figure was too high, while for midsummer 
dissection of the first-generation the 3 percent figure was too low. 
No differences were observable in the effectiveness of borers or 
cavities for estimating yield losses in terms of the number of estimating 
equations obtained or the relative variation of the yield loss regression 
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coefficients. However, cavities were suggested as being a more stable 
criterion. Resistance of the hybrid was a factor in the success of ob­
taining a significant regression equation, especially with first-genera-
tion populations. 
Damage due to first-generation corn borer infestations on susceptible 
and resistant dent corn hybrids in Iowa were studied by Penny and Dicke 
(1959). Eighteen single-crosses composed of various combinations of 
susceptible and resistant inbreds were subjected to 3 levels of first-
generation infestation; natural, natural plus 4 manually applied egg 
masses per plant, and DDT treated. Leaf feeding ratings using the system 
developed by Dicke as described by Guthrie, Dicke and Neiswander (1960) 
were made 3 to 4 weeks after infestation. Over the 3-year period of 
1955, 1956, and 1957 the average per plant leaf feeding ratings in in­
fested plots of 3 susceptible x susceptible hybrids, 9 susceptible x 
resistant hybrids, and 6 resistant x resistant hybrids were 7.9, 5.1, 
and 2.6 respectively. The difference in yield between sprayed and sup­
plemental egg mass plots averaged 15.7 bushels per acre for susceptible 
X susceptible, 10.1 bushels per acre for susceptible x resistant, and 
6.1 bushels per acre for resistant x resistant hybrids. 
Chiang et al. (1960) presented data which focused attention on the 
deficiency of the methods of estimating crop loss caused by borer in­
festation on the basis of size of the fall population. Discussion of 
the population dynamics of first- and second-generation borers suggested 
that fall populations could be used as a basis for estimating yield 
loss only when the percentage of summer pupation was zero or very low. 
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The authors concluded that while the fall population of borers may be a 
reliable basis for estimating the overwintering borer population, the 
summer population is probably a more realistic index for estimating the 
loss in yield caused by infestation in the current year. 
From experiments on the effect of European corn borer populations 
on yield of single-cross dent corn in Iowa, Jarvis et al. (1961) found 
that both cavities in the stalk and lesions on the leaves were a better 
index of damage than were mature first-generation larvae. First-genera­
tion infestation of a borer-susceptible single-cross hybrid resulted in 
greater yield reduction than did infestation by the second-generation. 
Yield reduction per acre per cavity per plant ranged from 1.0 percent 
(1.1 bushels) to 4.1 percent (4.5 bushels) for first-generation infesta­
tion, depending upon year and date of planting. 
The yield reduction per acre per cavity per plant for the second-
generation averaged between 1,0 and 2.0 percent (1.0 and 2.5 bushels). 
In the fall, cavities in both split and dissected stalks gave a better 
estimate of yield reduction than did larvae. In addition, cavity counts 
in split stalks were as reliable in estimating damage as cavity counts 
in dissected stalks. Because splitting required about one-fourth the 
time required to dissect a stalk, the splitting method was proposed for 
determining borer damage. 
The effect of second-generation European corn borer infestations on 
single-cross hybrids was studied in Iowa in 1963 and 1965 by Scott, 
Guthrie and Pesho (1967). Forty-five diallel crosses among 10 selected 
(5 susceptible and 5 resistant) inbreds were grown as whole plots with 
16 
borer treatments consisting of either manual infestation with corn borer 
egg masses during the period of active pollen shedding or chemical con­
trol with insecticide to control natural infestation. Stalks were split 
at harvest and the number of cavities in the ear shank and in four inter-
nodes above and below the primary ear were recorded. 
The average yield of all crosses that had been sprayed to control 
natural corn borer infestation was reported as 65.1 cwt (about 116 bushels) 
per acre. The overall yield reduction for all hybrids manually infested 
with corn borer egg masses was reported as 7.8 percent resulting in a 
yield loss of approximately 2,0 percent per acre per cavity per plant 
(about 2.3 bushels). Resistant x resistant crosses, as a group, were 
reduced in yield by about 4 percent overall whereas susceptible x sus­
ceptible crosses were reduced in yield by 12 percent overall. 
Sparks et al. (1967) reported on Regional Project NC-20 for the 
years 1958 to 1962 in a companion bulletin to the Everett, Chiang and 
Hibbs (1958) publication. Extensive comments were made on the effect of 
weather, hybrid variety, date of planting, year, and location on corn 
borer populations. Efforts were made with yield data from Iowa to 
establish yield loss formulas that considered the number of borers per 
stalk found at midseason and at fall dissection time. The formulas were 
calculated by using both quadratic and logarithmic functions; however 
neither proved satisfactory. 
Criteria for Chemical Treatment 
Prior to 1947 corn borer control with insecticides had been limited 
f'rt Ti.7ViOT*o -F/M- 1AA 
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The seed producer and field corn producer are interested in insurance 
against disastrous yield losses and maximum protection from stalk break­
age, dropped ears, and reduced quality at a minimum cost (Bigger et al. 
1947). 
Corn borer control on single-cross hybrids by the use of insecticides 
as reported by Bigger et al. (1947) appears to be the first successful 
attempt at demonstrating the economic feasibility of corn borer control 
on field corn. In experiments conducted in Illinois with DDT as the 
primary test chemical and using various rates and timing of treatments 
it was demonstrated that application of insecticides against first-
generation populations was markedly successful in reducing corn borer 
damage and increasing marketable seed yield. 
Results suggested that 1 or 2 timely applications might be sufficient 
for protection against first-generation populations. The best chemical 
control was obtained when insecticides were applied 10 to 15 days after 
finding 100 egg masses per 100 plants. 
After demonstration of the economic feasibility of corn borer con­
trol in field corn, numerous investigators conducted experiments aimed 
at establishment of or improvement of criteria for determining when to 
apply insecticides for maximum control. Early chemical control recom­
mendations were based primarily on finding a certain number of egg masses, 
time of egg hatching, seasonal development of the corn borer, stage of 
plant development and/or percent of adult moth emergence. In more recent 
years the trend has been toward basing treatment of first-generation 
populations on the percent of plants showing leaf feeding injury in the 
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whorl and second-generation treatment on the number of egg masses found, 
presence of adult moths and/or stage of corn plant development during 
corn borer moth flight. 
In a bulletin written for Illinois farmers Decker and Bigger (1949) 
recommended that single application treatments for first-generation con­
trol be applied 10 to 14 days after first egg hatch in fields where plants 
were at least 25 inches high and averaged 100 egg masses per 100 plants 
at the time of first egg hatch. For a 2-treatment schedule the same 
criteria were suggested except that the first treatment should be applied 
1 week after first egg hatch and the second at 2 weeks after first egg 
hatch. The authors noted that a protracted rate of oviposition may mean 
a need for treatment even though egg mass counts never average 1 per plant. 
First-generation control was noted as the most important due to 
greater yield reduction from leaf and stalk feeding. Second-generation 
control was not recommended although noted as being profitable in some 
cases to prevent ear drop, and for seed corn producers who might profit 
from treatment in order to reduce ear chaffiness and improve quality. 
In a bulletin written for the Minnesota farmer Holdaway, Cutkomp 
and Buzicky (1949) discussed corn borer control, yield losses, economic 
considerations, and anticipated level of infestation as indicated by 
counts of egg masses. Control of the first-generation with a single 
application was recommended at 10 to 12 days after first egg hatch in 
plantings having 50 or more egg masses per 100 plants. For 2 applications 
they recommended making the first application 1 week after first egg 
hatch in plantings where egg mass counts reach 50 per 100 plants and if 
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eggs continue to be present at this rate a second application should be 
made 7 to 10 days after the first. 
the authors stated that in general it did not pay to apply insecti­
cides for control of second-generation corn borers in field corn. 
In a supplement to their 1949 bulletin Holdaway, Cutkomp and Buzicky 
(1950) recommended that in cases where a decision could not be made as 
based on egg mass counts, treatment for first-generation control should 
be made when 50 percent of the plants showed "shot hole" type leaf feeding 
injury. In addition they suggested that late planted field corn should 
be treated to minimize stalk breakage and ear drop from second-generation 
corn borer infestations when 1 or more egg masses per plant were found 
if it was apparent that the corn could not be picked until late in the 
picking season. 
Gunderson (1949) discussed the corn borer problem in Iowa. He 
stated that increased yields averaging 11.37 bushels per acre were re­
ported by 51 farmers who had made accurate yield checks of treated and 
untreated areas in their fields. He recommended that treatment for first-
generation borers be made when 50 egg masses per 100 plants could be 
found on early planted field corn that was 35 inches or more in extended 
leaf height. A second application was recommended 7 to 10 days later if 
50 egg masses per 100 plants could still be found at that time. For 
second-generation control a single application was suggested when 100 
egg masses per 100 plants were found. 
From conducting time of application studies in Maine, Hawkins (1951) 
found that the best first-generation control with single applications of 
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DDT occurred when 13 to 52 percent of the eggs had hatched or when 87 
to 99 percent of the moths had emerged. 
Chiang and Hodson (1952) studied the relationship between the 
highest number of egg masses found on any one day and the total number 
of egg masses deposited over the oviposition period in Minnesota. They 
found that regardless of the presence or absence of a definite peak in 
the pattern of egg deposition, the greatest number of egg masses found 
on any one day was proportional to the number of egg masses found during 
the entire egg deposition period. There was also a trend toward a direct 
relationship between the highest number of egg masses on any one day and 
the number of mature first-generation larvae found from stalk dissections. 
However, from comparing the number of mature larvae expected from a 
given number of egg masses per 100 plants with the estimated loss in 
yield, as based on a theoretical value of 3 percent yield loss per borer 
per plant, the authors concluded that the critical egg mass count of 50 
per 100 plants for insecticide treatment should be reviewed with careful 
consideration of such factors as the variation in the relationship between 
egg mass counts and loss in yield, cost of treatment, efficiency of con­
trol, normal yield, and value of the corn crop. 
Apple (1952) discussed temperature accumulation as a method for 
following the seasonal development of the European corn borer. This 
accumulation, borer degree-days, was obtained by summing the degrees above 
50 degrees Fahrenheit from the daily means, starting with the first daily 
mean above 50 degrees Fahrenheit for the year. The borer degree-days 
for the appearance of various stages in the corn borer life cycle were 
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given. Apple suggested that borer degree-days could be used as a guide 
indicating the proper time to make evaluations oE corn borer infestations 
and to determine when to apply insecticides. From studies on borer 
degree-days in relation to timing of insecticide applications Apple (1953) 
found that the best control of first-generation populations was obtained 
when applications were made at about 1100 borer degree-days. 
Chiang and Cutkomp (1953) discussed the importance of certain 
biological characteristics of the corn borer in relation to timing of 
insecticide applications. Evidence from experimental work in Minnesota 
led them to conclude that consistently good control would not be possible 
by timing the application of an insecticide by a fixed number of days 
after first egg hatching whether 10, 12 or any other number of days. 
They also concluded that a more flexible system of timing was desirable 
which was guided by biological events which were self-adjustable to 
changes in weather conditions. 
Chiang and Hodson (1953) studied the extent and rate of manifestation 
of leaf injury caused by first-generation corn borer larvae in relation 
to growth stage of the host, time of injury and age of larvae. Types of 
leaf feeding injury were distinguished as "pin-holes", "shot-holes" and 
large feeding holes. The extent of leaf feeding was found to vary with 
the level of initial infestation and the rate of occurrence of leaf in­
jury was found to vary with weather conditions. The authors therefore 
suggested the use of leaf injury as an index for determining the need for 
and timing of insecticidal control with the possibility of scheduling 
freafmenrR sfilfily with reference to the oercentage of plants showing leaf 
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injury rather than the number of egg masses and/or first egg hatching 
date. 
Luckmann (1953) discussed the tassel ratio method of indexing corn 
plant maturity as a valuable criterion for use in determining larval 
survival and timing of insecticide treatments. The tassel ratio index 
was defined as the distance from the base of the plant to the tip of the 
tassel bud divided by the distance from the base of the plant to the 
tip of the longest leaf extended with the result multiplied by 100. 
Luckmann found that survival of corn borer larvae increased as the tassel 
ratio increased and that experiments showed that the most effective single 
application of insecticide for corn borer control on sweet corn should 
be applied at a tassel ratio of 43 to 49 (just prior to tassel appearance). 
He also stated that the tassel ratio index was adaptable for use with 
other timing criteria such as the percent of plants with leaf feeding in­
jury. 
In a publication on new developments in corn borer control Brindley 
(1955) discussed timing and number of chemical applications as based on 
experimental work on hybrid field corn in Iowa. Two applications 5 to 
7 days apart gave slightly better control than a single application. 
The best control of first-generation infestations with a single application 
in 1954 was obtained when egg laying was practically completed and ap­
proximately 75 percent of the plants showed leaf feeding damage. In 1955 
the best control with a single application was obtained when practically 
all of the eggs had been laid and 100 percent of the plants showed leaf 
feeding damage. Yields were taken from several experiments in 1955, 
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Increases in yield ranged from 7.1 to 15.0 bushels per acre, depending 
upon the experiment, borer population, and percent control obtained. 
Brindley (1955) stated that although only limited data were avail­
able on time of application for second-generation control, it appeared 
that treatment at the time egg laying began gave the best single applica­
tion control. However, he noted that cool weather, which lengthens the 
egg-laying period, could seriously affect the control obtained from such 
an application. 
The United States Department of Agriculture (1955) recommended a 
single treatment for first-generation control in field corn at 10 to 14 
days after first egg hatch, provided there were at least 50 egg masses 
present per 100 plants, or when 75 percent of the plants showed evidence 
of recent feeding in the whorl. Second-generation treatment was recom­
mended at first egg hatch providing 100 egg masses per 100 plants could 
be found. 
Cox, Lovely and Brindley (1956) reported on control of European corn 
borer on field corn with granulated insecticides in Iowa. Double or 
triple applications gave better control than single applications with 
the best time for a single application for first-generation control 
being when egg laying was practically completed and 75 to 90 percent of 
the plants showed leaf feeding damage by corn borer larvae. Yields were 
taken in several experiments. Properly timed applications of insecticide 
resulted in an average yield increase of about 10 bushels per acre. 
Luckmann and Petty (1957) in a circular written for Illinois farmers 
recommended treatment of field corn for first-generation corn borer 
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control if the tassel ratio was 30 or more and 75 percent or more of the 
plants had signs of fresh leaf feeding in the whorl. They stated that 
fields in the pretassel to tassel stage, when moths were ovipositing eggs 
for the second-generation, were likely to be damaged due to ear droppage. 
Second-generation control was recommended in such fields if 1 or more 
egg masses per plant could be found. 
Cox and Brindley (1958) reported on timing of application experiments 
conducted in Iowa over a 6-year period to compare various criteria sug­
gested or recommended by different workers for first-generation control. 
Comparisons of control on various dates were made possible by using a 
split-plot design with insecticide treatments applied on different dates. 
Regression analyses were used to estimate the date of application on 
which maximum borer control would have been obtained. Values for the 
various timing criteria, as they existed on the dates when the best corn 
borer control was obtained each year, were then compared with the recom­
mended values. 
The following conclusions were drawn; (1) in 5 out of 6 years the 
number of borer-degree days on the date of optimum treatment was below 
the suggested 1100, averaging about 900, (2) a tassel bud-plant height 
ratio of 35 appeared to be more suitable than the recommended range of 
30 to 50, (3) except for one year, plants in plots with the best borer 
control were consistently taller than 35 inches, (4) plant height and 
unhatched egg masses were found to be unreliable, (5) data on moth 
emergence were consistent with recommendations, and (6) the recommendation 
to treat when 75 percent of the plants showed evidence of recent feeding 
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on the whorls was as effective as any other criterion and was the most 
simple and rapid of all methods compared. 
Experiments on the timing of insecticide applications for second-
generation corn borer control weie conducted in Iowa by Mauston (1959). 
From the results of a 2-year study he concluded the following: (1) timing 
of a double application was not as critical as that of a single applica­
tion, (2) the use of 100 unhatched egg masses per 100 plants as a 
criterion for starting second-generation borer control appeared too high 
with a trend toward better control from treatments started when egg mass 
counts reached about 25 per 100 plants, (3) a single application made 
before or during the period when pollen was shed gave slightly better 
control than one made after all the plants had shed pollen, and (4) the 
most effective control on late planted corn was obtained when treatments 
were made at a time #ien approximately 75 percent of the plants were in 
the green silk stage. 
King (1959) reported on experiments conducted in Iowa where various 
timing of applications for first-generation control were compared with 
the current treatment recommendations. His results led to basically the 
same conclusions as those reached by Cox and Brindley (1958) except that 
in King's experiments the 75 percent of plants showing leaf feeding 
criterion appeared to be 20 to 45 percent too high. 
Chiang and Hodson (1959) studied the distribution of first-genera­
tion European corn borer egg masses in Minnesota. They determined that 
the distribution of egg masses was essentially random with a tendency 
towards contagiosity. The percent of plants with one or more egg masses 
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(frequency index) was found to be directly proportional to the highest 
live egg mass count on any one day. On the basis of these findings they 
suggested that the frequency index could be used as a time saving device 
for estimating the density of egg masses and determining when a "critical" 
egg mass count had been reached. Results showed that 60 percent of plants 
receiving egg masses was equivalent to 50 egg masses per 100 plants. 
Thus, they suggested that if a farmer wanted to base chemical treatments 
on a "critical" level of 50 egg masses per 100 plants he could save time 
in checking plants by staking out 100 plants, and whenever an accumula­
tion of 60 percent of the plants showed 1 or more egg masses consider 
that the "critical" egg mass count of 50 had just been reached. 
The United States Department of Agriculture (1967) discussed the 
need for and timing of insecticide treatments. Treatment of field corn 
for first-generation control was recommended on plants greater than 35 
inches in extended leaf height when 75 percent of the plants show fresh 
feeding in the whorl. For a 2-treatment schedule a second treatment was 
recommended 7 days after the first treatment if new leaf feeding is 
evident. For crops of higher value, such as seed corn, initial treat­
ment was recommended when 25 percent of the plants show leaf feeding. 
Second-generation control to prevent stalk breakage and ear dropping 
was recommended when egg masses average 100 per 100 plants. As an al­
ternative, preventative treatment to all corn that has not completed 
pollen shedding when egg deposition is reported in the production area 
was suggested. 
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The North Central Regional Research Committee (1968) discussed the 
corn borer and its control. Recommendations on timing of treatment for 
first-generation control were basically the same as reported by the United 
States Department of Agriculture (1967) except that 50 percent leaf 
feeding on field corn was recommended as the treatment level. An ap­
plication of insecticide to control second-generation borers in any corn 
fields that are green, succulent, shedding pollen or have any green 
silk showing was suggested if the corn borer moth flight is heavy at 
that time. 
Iowa State University (1971) recommended treatment of seed corn 
fields when 25 percent of the plants show first-generation larvae feeding 
in the whorl, and again 7 days later if feeding continues. It was sug­
gested that farmers aiming for maximum field corn production should 
consider first-generation treatment as soon as 50 percent of the plants 
show leaf feeding and apply a second application 7 days later if new 
feeding is noticed. Insecticide treatment of seed corn for second-genera­
tion control was recommended if plants have not completed shedding pollen 
or show any green silk or have green juicy stalks and leaves at the time 
the first eggs are laid (about August 1). 
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METHODS AND MATERIALS 
Experiments were conducted at the Ankeny Research Farm during 1969 
and 1970. Corn borer susceptible inbreds WF9 and B37 and their 
progeny, WF9 x B37, were planted as separate experiments both years. 
In order to insure a uniform plant population, which is desirable 
for obtaining meaningful yield data, the corn was planted by hand with 
4 seeds per hill. When the corn was 8 to 10 inches high the stand was 
thinned to 2 plants per hill. The population thus obtained was 20,910 
plants per acre. Practices recommended for profitable corn production 
in Iowa were followed in growing the corn. 
Each experiment was designed as a randomized complete block with 
split-plots and 5 replications. However, in the WF9 experiment for 1969 
and.the WF9 x B37 experiment for 1970 only 4 replications yielded usable 
data due to poor drainage in one area of the experimental field. 
The corn was planted in plots 8 rows wide and 34 feet long with 
20-foot alleyways separating each complete block. Rows within the plots 
were spaced 30 inches apart and hills within the rows were spaced 20 
inches apart. 
Fourteen levels of corn borer infestation were established on the 
whole plots. Each of these was split to form two 4-row sub-plots for 
the purpose of evaluating (1) the effect of the first generation of borers 
on yield and (2) the effect of the combined attack of the first and sec­
ond generations of the borer on yield. The experimental unit and sampling 
unit were identical and consisted of 10 consecutive hills from the center 
area of each of the 2 center rows ot each suD-piot (40 planus cocai), 
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The schedule of treatments employed is given in Table 1 and the dates on 
which the field operations were carried out are given in Table 2. 
Treatment levels were obtained by supplementing eggs from wild moths 
with laboratory produced egg masses according to a prearranged treatment 
schedule (Table 1). When the number of egg masses needed to establish 
the desired infestation was less than 1 per plant, they were placed at 
random within the plots. When the number of egg masses called for equaled 
or exceeded 1 per plant, they were uniformly distributed among the plants, 
with each plant receiving approximately the same number of egg masses. 
Three plots in each replicate were treated with insecticides ivhen 
natural oviposition was considered to be nearly completed to give three 
additional levels of infestation through chemical control of the natural 
population. Likewise three plots in each replicate infested only with 
the natural population were included with the same objective in mind. 
Egg masses were applied when the corn was at a growth stage conducive 
to good larval establishment and survival. First-generation egg masses 
were applied when plants were in the whorl stage of development and had 
an extended leaf height of 35 to 40 inches and a tassel-bud ratio of 20 
or more. Egg masses, containing approximately 20 eggs each, that were 
near hatching (blackhead stage), were applied by dropping the prescribed 
number deep into the whorl of the plant. Second-generation egg masses 
were applied when plants were shedding pollen. Egg masses were pinned 
to the lower surface of the midrib of the leaf directly below the site 
of the primary ear. The egg masses were produced at the United States 
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Table 1. Treatment regimes employed in 1969 and 1970 to evaluate first and 
first plus second-generation corn borer damage, Ankeny, Iowa 
Whole plot 
a 
First-generation First plus second-
treatment no. generation^ 
1 N + 10 EN/100 plants^ N + 10 EM/100 plants^ 
2 " 20 " II 20 " 
3 " 50 " 50 " 
4 " 100 " " 100 " 
5 " 160 " " 160 " 
6 " 320 " " 320 " 
7 " 640 " " 640 " 
8 " 1300 " " 1300 " 
9 Treated with 1.0 lb 
actual DDT/acre 
Treated with 1.0 lb 
actual DDT/acre 
10 Treated with 1.5 lb 
actual carbaryl/acre 
Treated with 1.5 lb 
actual carbaryl/acre 
11 Treated with 1.0 lb 
actual carbaryl/acre 
Treated with 1.0 lb 
actual carbaryl/acre 
12 N N 
13 i r  I f  
14 t l  I I  
during the period of natural second-generation oviposition all first-
generation plots received DDT treatments to minimize natural second-genera­
tion infestation. 
^For first plus second-generation evaluation the plots received the in­
dicated number of egg masses or chemical treatment during the whorl stage as 
for first-generation plots and in addition received the same number of egg 
masses or chemical treatment as a second-generation treatment during full 
pollen shed. 
c 
N = natural infestation, EM = egg masses. 
Table 2. Schedule of field operations for 1969 and 1970, Ankeny, Iowa 
Date of: 
First-gene ration Second-generation 
Chemical Leaf Chemical Stalk 
Year Strain Planting Infesting treatment rating Infesting treatment splitting Harvest 
19(.9 WF9 5/15 7/4 7/14 7/30 8/4 8/5,14 11/7-10 11/4-5 
1969 B37 5/15 7/5 7/14 8/1 8/8 8/5,14 11/19-21 11/12-13 
19()9 WF9 X B37 5/15 6/25 7/14 7/25 7/25 8/5,14 11/1-3 10/28-29 
1970 WF9 5/19 6/24 6/25 7/30 7/31 8/13 10/15-19 10/12-13 
1970 B37 5/19 7/3 6/25 7/31 8/3 8/13 11/1-4 10/22-23 
1970 WF9 X B37 5/19 6/23 6/25 7/30 7/28 8/13 10/28-30 10/20-21 
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Department of Agriculture European Corn Borer Laboratory, Ankeny, Iowa 
according to methods described by Guthrie et ai. (1965). 
Methods of evaluating corn borer populations were the same for both 
years. All 40 plants constituting the sampling unit of each sub-plot 
were individually rated at midsummer for first-generation corn borer leaf 
feeding injury, according to a 1 to 9 class scale (1 = no visible leaf 
feeding injury and 9 = most of the leaves with long feeding lesions). 
Leaf ratings were made by W. D. Guthrie in the manner described by 
Guthrie, Dicke and Neiswander (1960). From the individual leaf rating 
values, the percentage of plants that were infested was also determined. 
In determining the percentage of plants infested, only those with a leaf 
rating value of 3 (shot-hole injury common on several leaves) or higher 
were considered. 
In addition to the leaf ratings as described above for assessment 
of first-generation infestation, the average number of cavities per plant 
were determined for both first and first plus second-generation treat­
ments by splitting each stalk and ear shank at harvest time. The plants 
split were those that received leaf ratings at midsummer and from which 
ears were picked for yield in the fall. 
Stalk splitting is accomplished by cutting the corn plant longitudi­
nally in 2 equal halves from the middle of the internode below the tassel 
to the ground. Cavities recorded from a stalk so split are determined 
by examination of one exposed cut surface for evidence of corn borer 
tunneling. A cavity in this investigation is defined as a burrow large 
enough to contain a full grown larva or a burrow up to 1 inch in length. 
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Where burrowing was continuous for several inches, which was common in 
heavily infested stalks, each inch was recorded as a cavity. Thus bur­
rowing which extended for a length of 6 inches was recorded as 6 cavities. 
ICar shanks were split and cavities recorded in the same manner. 
In both years, the data collected relating to corn yield were the 
same. The basic procedure was to hand pick all ears produced by the 
40 plants from the sampling unit in each sub-plot. Each sample was 
weighed and approximately 10 ears from each sample were shelled with a 
motor driven sheller and the percent moisture of the grain determined 
with a Steinlite® moisture meter. 
Plot yields were converted from ear weight per plot to bushels per 
acre of 56 pound number 2 shelled corn adjusted to 15.5 percent moisture. 
Data were analyzed by regression methods. Independent variables 
used were the average leaf feeding ratings per plant and the percentage 
of plants infested for first-generation effects, and the average number 
of cavities found per plant in the fall for first-generation and first 
plus second-generation effects. The dependent variable was yield in 
bushels per acre. 
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RESULTS AND DISCUSSION 
Data accumulated from the experiments involving 3 strains of corn 
and 2 years of experimentation are presented in Tables 12 through 35. 
The independent variables of leaf feeding ratings and percentage of 
plants infested (percentage of plants showing leaf feeding injury) as a 
result of first-generation corn borer larval infestations; and cavities 
found in the fall as a result of first and first plus second-generation 
infestations are based on 40 plants per sub-plot. The dependent variable 
of yield is expressed in bushels per acre as based on the total yield 
of all ears produced on the same 40 plants per sub-plot. 
Inherent variation of corn yields was quite high in some of the ex­
periments. This is a common problem encountered in crop yield experi­
ments and was not unexpected in this investigation. However, yields 
obtained from the WF9 x B37 experiment conducted in 1969 were particularly 
variable and deserve special comment. Due to poor seed germination the 
stand produced in this experiment was erratic with some hills containing 
less than the desired 2 plants per hill. Thus it was necessary to utilize 
20 consecutive plants from each of the center 2 rows of each sub-plot 
rather than 10 consecutive hills with each hill containing 2 plants as 
was possible in the other experiments. The resultant condition of unequal 
plant competition is believed to have added considerably to the normally 
expected yield variation with the net result that in this experiment the 
demonstration of a relationship between level of corn borer infestation 
and yield would be expected only under conditions of very severe corn 
borer damage. 
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Initial Analyses of Data 
The initial step in the treatment of the data was that of performing 
analyses of variance on the yield data for each of the 6 experiments. 
The objectives of these analyses were threefold: (1) to determine if the 
treatments (levels of corn borer infestation) resulted in significant 
differences in yield of the grain produced, (2) to determine whether the 
borer generation (first-generation vs. first plus second-generation) 
significantly influenced yield, and (3) to determine whether significant 
generation x treatment interactions occurred. 
The results of these analyses of variance are summarized and pre­
sented in skeleton form in Table 3. The components under consideration 
Table 3. Summary of analyses of variance of the effect of European corn 
borer infestations on yield for WF9, B37, and WF9 x B37, 1969-
1970 
Source of variation^ 
Strain Year Treatment (T) Generation(G) G X T 
WF9 1969 ** ** 
WF9 1970 isie ** * 
B37 1969 ** ns ** 
B37 1970 ** ** * 
WF9 X B37 1969 ** ** ns 
WF9 X B37 1970 ** ** ** 
^ns nonsignificant at 5 percent level; 
* significant at 5 percent level; 
** significant at 1 percent level. 
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and indications of statistical significance according to the F test are 
indicated. The analyses are presented in more complete form in Tables 
36 through 41. 
Et is apparent from reviewing Table 3 that the imposed treatments 
were successful in eliciting a highly significant yield response in all 
6 experiments. Treatment means as shown in data tables tend to indicate 
that an inverse relationship between level of infestation and yield ex­
isted, that is, as corn borer infestation increased yield tended to 
decrease. 
It is also apparent from viewing Table 3 that the effect of corn 
borer generation on yield was highly significant in all experiments ex­
cept for the experiment involving B37 conducted in 1969. Even though 
the statistical analysis indicates that the effect of generation for the 
B37 experiment conducted in 1969 was nonsignificant, a review of the data 
indicates that plots having heavy infestations (average of 5 to 10 
cavities per plant) due to the combined attack of the 2 corn borer genera­
tions yielded substantially less than plots heavily infested (average of 
1 to 2 cavities per plant) by the first-generation alone. However, the 
high amount of inherent variation in the yields from plots having low 
corn borer infestations (less than 1 cavity per plant) tended to nullify 
the effect of generation as a whole. In the other 5 experiments, in which 
a highly significant generation effect was indicated, it is obvious that 
tho combined attack of the 2 generations resulted in significantly greater 
reductions in yield than did attack due to the first-generation alone. 
Tlius from this segment of the statistical analyses it is tentatively 
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concluded, with the preceding comments presenting a possible exception, 
that the combined attack of the 2 corn borer generations resulted in 
significantly greater yield reduction than did attack from the first-
generation alone. 
It is of special interest to note in Table 3 that statistically 
significant generation x treatment interactions are common, occurring 
in 5 out of the 6 experiments, with the lone exception being that of the 
WF9 X B37 experiment for 1969. This indicates that the 2 borer genera­
tion situations employed as split-plot treatments (first vs. first plus 
second-generation) affected yield in a differential manner, that is, the 
amount of yield reduction per unit of injury (per cavity) could be dif­
ferent for the 2 borer generation situations. This possibility suggests 
that in order to adequately investigate the relationship between the 
various measurements of corn borer infestation and yield the most in­
formative approach would be to analyze the data collected on the damage 
done by each generation separately. 
Cavity counts as made in the fall at the time of corn harvest pre­
sented the only independent variable in common to both generation situa­
tions. Therefore the relationship between cavity counts and yield re­
sponse will be discussed next. 
The independent variables of leaf feeding ratings and the percentage 
of plants infested were determined at midsummer and are pertinent only 
to portions of each experiment designed for the measurement of first-
generation damage and will be discussed in later sections. 
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Fall Evaluation of Cavities 
As previously pointed out, the predominance of statistically signifi­
cant generation x treatment (level of infestation) interactions indicated 
the desirability of investigating the relationship between yield and 
level of infestation for each generation situation (first-generation and 
first plus second-generation) separately. The fall evaluation of levels 
of corn borer infestation as based on cavity counts from split stalks 
provided the only meaningful index of infestation common to both genera­
tion situations. 
In both years a variable amount of contamination due to natural 
second-generation infestation occurred in plots designated for the 
evaluation of the effect of the first generation of borers on yield. 
However, due to the fact that the number of cavities produced as a re­
sult of such contamination was low, it was concluded that any loss es­
timates obtained could be appropriately spoken of as due to a first-
generation infestation. 
The relationship between level of infestation as based on cavity 
counts and yield was determined by regression analyses. The mean number 
of cavities per plant per plot served as the independent variable and 
corn yield in bushels per acre from the respective plots served as the 
dependent variable. The regression analyses included both linear and 
quadratic components. 
Analyses of variance of yield for each experiment and each generation 
situation were performed. Treatment sums of squares were partitioned 
i.ilLO ^ ciL.J.C L>i. 1. j. L. # xilC 3 
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significance of the linear, quadratic and lack of fit components were 
determined by means of the F test. 
In cases where a statistically significant linear response was in­
dicated the appropriate regression coefficients, as obtained from the 
regression analyses, were entered into a regression equation to estimate 
loss: 
y = a + bx 
where y is the yield quantity to be estimated, a is the estimated value 
of y in the absence of corn borer damage (cavities), b is the regression 
coefficient estimating the reduction in y associated with each whole unit 
increase in damage (cavities), and x is the mean number of cavities 
found in a plant. 
In cases where a quadratic response is indicated as significant the 
model: 
2 
y = a + b^ X + bg x 
would apply where y is the yield quantity to be estimated, a is the es­
timated value of y in the absence of corn borer damage (cavities), b^ 
is the regression coefficient for each unit of x, b^ is the regression 
2 
coefficient for each unit of x , and x is the mean number of cavities 
found in a plant. 
The lack of fit component, if found to be significant, serves as a 
warning that neither a linear or quadratic model may adequately describe 
tlie yield response. In cases of a significant lack of fit it is ad­
visable to look at the data to determine if random variation is responsible 
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or if a cubic or higher order response might be involved, and if so, 
would it make biological sense to attempt additional analyses in order 
to obtain a model which would fit a line to the data. 
Relationship of first-generation cavities to yield 
A summary of the regression analyses relating yield in bushels per 
acre to cavities per plant showing the linear, quadratic and lack of fit 
components, along with indications of statistical significance, is pre­
sented in Table 4. The analyses are presented in more complete form 
in Tables 42 through 47. 
It is apparent from viewing Table 4 that in experiments where a 
significant regression equation could be obtained the relationship is 
best described by a linear model with no indication of a significant 
quadratic response or lack of fit. This implies that a straight line 
fits the data within the range of values obtained. 
Regression equations indicating the yield loss in bushels per acre 
associated with each unit increase of damage (cavity) are presented in 
Table 5. The yield loss expressed as percent reduction per unit of cavity 
was determined and is also shown in Table 5. The loss estimate expressed 
as percent reduction per cavity is based on the estimated yield in the 
absence of damage and was determined by dividing the b value (the es­
timated bushel yield reduction per cavity) by the a value (estimated 
yield in the absence of cavities). 
The regression equations shown in Table 5 were used to plot the 
regression lines shown in Figures 1 through 3. Cavity values utilized 
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'L'able 4. Summary of regression analyses for fall evaluation of first-
generation infestations relating yield in bushels per acre to 
cavities per plant, WF9, R37, and WF9 x 1)37, 1969-1970 
Component^ 
Strain Year Linear Quadratic Lack of fit 
WF9 1969 ** ns ns 
WF9 1970 ** ns ns 
B37 1969 ** ns ns 
B37 1970 ** ns ns 
WF9 X B37 1969 ns ns ns 
WF9 X B37 1970 ns ns 
^ns nonsignificant at 5 percent level; 
'Wf significant at 1 percent level. 
Table 5. Regression equations for fall evaluation of first-generation 
infestations relating yield in bushels per acre to cavities 
per plant, WF9, B37, and WF9 x B37, 1969-1970 
Degrees Percent 
Standard of reduction 
Strain Year Equation error of b freedom per cavity 
WF9 1969 y = 91.80-3.88x 0.88 39 4.22 
WF9 1970 y = 57.28-4.50x 0.50 52 7.85 
B37 1969 y = 63.78-5.17x 1.76 52 8.10 
B37 1970 y = 45.98-5.89x 0.55 52 12.80 
WF9 X B37 1970 y = 136.62-6.52x 2.10 39 4.77 
Figure 1. Regression lines for first-generation infestations relating yield in bushels per acre 
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Figure 2. Regression lines for first-generation infestations relating yield in bushels per acre 
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Figure 3. Regression line for first-generation infestations relating yield in bushels per acre 
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in plotting the regression lines do not exceed the mean values obtained 
from the data. 
The reader should bear in mind that the results shown in the ac­
companying tables and figures are derived from separate experiments con­
ducted in separate years and are presented together primarily as a matter 
of convenience. However, at the same time general comparisons of the re­
sults obtained from the 2 different years do not seem unreasonable. 
Analyses of the 1969 data showed that a significant linear relation­
ship between yield and cavities could be demonstrated for the 2 inbreds 
but not for the single-cross. The estimated yield in the absence of 
cavities for WF9 was 91.80 bushels per acre and the estimated loss per 
cavity per plant was 3.88 bushels per acre (4.22 percent). The estimated 
yield in the absence of cavities for B37 was 63.78 bushels per acre and 
the estimated loss per cavity per plant was 5.17 bushels per acre (8.10 
percent). The lack of a significant relationship between yield and 
cavities for the single-cross is believed to be due to a combination of 
high yield variability due to erratic stand and a limited range of cavity 
values. 
In general, cavity counts as a result of first-generation infesta­
tions were lower in 1969 than in 1970 and extended over a shorter range 
even though the same techniques were used in both years. This fact can 
be seen by viewing the regression lines in Figures 1 and 2 in which the 
plotted lines do not extend beyond the upper limits of the cavity data 
as based on the mean number of cavities per plant from a 40-plant sample. 
In 1969 a general die-off of mid to late instar larvae of the first 
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generation occurred over all of the Ankeny Research Farm. It is believed 
that this was possibly due to periods of heavy rainfall which occurred 
from July 9-31 (5.97 inches total) as compared to only 2.48 inches for 
the same period in 1970 (Table 66). 
However, in neither year was the cavity count range due to first-
generation borer feeding as great as expected, especially in view of the 
large numbers of egg masses manually applied to certain plots (up to 13 
egg masses per plant). The reasons for this are not clear. 
Analyses of the 1970 data showed that a significant linear relation­
ship between yield and cavities could be demonstrated for all of the 
strains of corn under study. The estimated yield in the absence of 
cavities for WF9 was 57.28 bushels per acre and the estimated loss per 
cavity per plant was 4.50 bushels per acre (7.85 percent). For B37 the 
estimated yield in the absence of cavities was 45.98 bushels per acre 
and the estimated reduction per cavity per plant was 5.89 bushels per 
acre (12.8 percent). The single-cross, WF9 x B37, yielded an estimated 
136.62 bushels per acre in the absence of cavities and was reduced in 
yield by 6.52 bushels per acre per cavity per plant (4.77 percent). 
Although comparisons of the results obtained for the same inbred be­
tween the 2 years should be made with caution, it seems permissible to 
make some comments in regards to the obtained yield loss estimates as ex­
pressed in bushels per acre per cavity as opposed to expression as per­
cent reduction in yield per cavity. It should be re-emphasized that the 
b values, which estimate the bushel loss per cavity, were obtained from 
the regression analyses whereas the loss expressed as percent reduction 
in yield per cavity was obtained by cividing the b value (estimated loss 
per cavity) by the a value (estimate;' yield in the absence of cavities). 
Thus the estimated or potential yiei^ for a given strain of corn greatly 
influences the bushel loss when expressed as a percentage of yield. 
Since potential jiii-ld can logically be ascribed as a function of weather, 
soil fertility, or disease problems and the presence or absence of 
other stress factors in a given yc.-.r, as well as the genetic potential 
of the strain of corn, one wonders whether loss expressed as a percentage 
reduction per cavity is truly meani^sful, particularly in the case of 
inbred lines which, at least in this study, appear to have an inherent 
tendency for wiù& variation in yirld from year to year. 
On the other hand the estimated bushel loss per cavity did not vary 
greatly between years for the same inbred (3.88 and 4.50 for WF9 in 1969 
and 1970 respectively and 5.17 and 5,89 for B37 in 1969 and 1970 respec­
tively). A better visualization of the relationship of cavities to yield 
in regards to lLj.s line of thought may be obtained by referring once 
again to the regression lines iu ni/jures 1 and 2 where it is apparent 
that the slope of tue lines, for thî same inbred, do not vary appreciably 
between the 2 years f ut: the yields vary considerably. Thus it would 
appear that any use of the results obtained from this study in estimating 
yield loss for WF9 and B37 might best be thought of in terms of bushel 
loss per cavity rather than percent of yield loss per cavity. 
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Relationship of first plus second-generation cavities to yield 
In all experiments the number of cavities produced by the 2 corn 
borer generations in combination greatly exceeded that of the first-genera­
tion alone. On the average about 2 times as many cavities were produced 
with 3 to 4 times as many commonly found in plants receiving 3 or more 
manually applied egg masses as treatments for both generations. The 
greater cavity output per egg mass from the second generation is believed 
to have been due to a combination of better larval survival and the fact 
that second-generation borers spend more time feeding in the stalk and 
ear shank since they normally enter diapause in the fall within the corn 
plant, whereas first-generation borers normally pupate and emerge as 
moths during the summer. 
The same procedures were used for determining the relationship be­
tween yield and cavities produced by the 2 borer generations in combina­
tion as previously described. 
A summary of the regression analyses for both the 1969 and 1970 ex­
periments are present in Table 6. The analyses are presented in more 
complete form in Tables 48 through 53. 
Regression equations as obtained from the analyses are presented 
in Table 7. The regression equations obtained were used to plot the 
lines shown in Figures 4 through 6. Cavity values utilized in plotting 
the regression lines do not exceed the mean values obtained from the data. 
The reader will note from viewing Table 6 that the lack of fit com­
ponent was significant at the 5 percent level for the WF9 experiment 
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Table 6. Summary of regression analyses for fall evaluation of first 
plus second-generation infestations relating yield in bushels 
per acre to cavities per plant, WF9, B37, and WF9 x B37, 
1969-1970 
Component^ 
Strain Year Linear Quadratic Lack of 
WF9 1969 ** ns ns 
WF9 1970 ** ** * 
B37 1969 ** ns ns 
B37 1970 ** ** ns 
WF9 X B37 1969 •kic ns ns 
WF9 X B37 1970 ** ** ns 
^ns nonsignificant 
* significant at 
** significant at 
at 5 percent level; 
5 percent level; 
1 percent level. 
Table 7. Regression equations for fall evaluation of first plus second-
generation infestations relating yield in bushels per acre to 
cavities per plant WF9, B37, and WF9 x B37, 1969-1970 
Standard Degrees Percent 
error of b of reduction 
Strain Year Equation b^ b^ freedom per cavity 
WF9 1969 y = 92.74-2.81x p 0.18 — 39 3.02 
WF9 1970 y = 56.36-3.66x + 0.12x 0.62 0.04 52 
1337 1969 y = 66.64-2.46x p 0.28 ' 52 3.70 
B37 1970 y = 47.17-5.79x + 0.29X 0.78 0.07 52 —— 
Wl'9 X W37 1969 y = 136.52-3.52x p 0.62 — 52 2.58 
WF9 X 1537 1970 y =  139.33-7.40x + 0.30x 1.32 0.10 39 — 
« 
Figure 4. Regression lines for first plus second-generation infestations relating yield in 
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conducted in 1970. Data on yield and cavities from this experiment were 
plotted and critically examined. There was no indication that a response 
of a higher order than the quadratic existed. Rather, it was apparent 
that the lack of fit was due to random variation and the conclusion was 
made that the obtained regression equation provided an acceptable fit 
for the data. 
Results of the analyses of the 1969 data indicated that a highly 
significant linear relationship between cavities and yield could be 
demonstrated for all the strains of corn under study. It was interesting 
that a significant regression equation was obtained for the single-cross 
since no significant relation could be demonstrated between yield and 
first-generation cavities. Apparently yield reduction brought about by 
damage from the 2 generations in combination was great enough to over­
come the large amount of yield variation due to poor stand. 
In 1969 the inbred WF9 yielded an estimated 92.74 bushels per acre 
in the absence of cavities and suffered an estimated loss of 2.81 bushels 
per acre per cavity per plant (3.02 percent). The inbred B37 yielded an 
estimated 66,64 bushels per acre in the absence of cavities and suffered 
an estimated loss of 2,46 bushels per acre per cavity per plant (3,70 
percent). The single-cross yielded an estimated 136,52 bushels per acre 
in the absence of corn borer damage and was reduced in yield by 3.52 
bushels per acre per cavity per plant (2.58 percent). On a bushel re­
duction per cavity basis these values are about one-half of those ob­
tained for the effect of the first generation alone. However, total 
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yield reduction due to the 2 generations in combination was greater 
owing to the fact that total damage was greater. 
It is interesting to note that in all of the 1970 experiments the 
quadratic component was highly significant indicating that the relation­
ship between yield and cavities is best described by a curved rather 
than a straight line. Under such circumstances it is not possible to 
ascribe estimated yield reduction on a per unit of cavity basis since 
loss associated with each cavity varies according to the number of 
cavities, with yield loss per cavity diminishing as the number of 
cavities increases. An appreciation of this can be obtained by viewing 
the plotted lines in Figures 4 through 6. 
Although it is not possible to ascribe estimated loss per cavity 
as a constant when curvilinearity is indicated, a rough approximation 
of the average bushel loss per cavity can be obtained by subtracting 
the estimated yield at maximum infestation from the estimated yield in 
the absence of infestation and dividing by the maximum number of 
cavities as shown in Figures 4 through 6. In taking the liberty of 
applying this rather unorthodox and nonstatistical approach, WF9 in 1970 
was on the average reduced in yield by 1.90 bushels per acre per cavity 
per plant. Using the same procedure, B37 was on the average reduced 
in yield by 2.65 bushels per acre per cavity per plant and WF9 x B37 
was on the average reduced in yield by 3.75 bushels per acre per cavity 
per plant. On a bushel reduction per cavity basis the approximated 
values are about one-half of those obtained for the effect of the first 
generation alone. However, total yield reduction due to the 2 
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generations in combination was greater owing to the fact that total 
damage was greater. 
It is puzzling as to the best fit of the data was obtained with 
a straight line in 1969 but a curved line in 1970. Speculative pos­
sibilities are as follows. Average yields of all 3 corn strains were 
lower in 1970 whereas overall average corn borer cavity counts were 
about equal in both years (except for the single-cross in which case 
infestations were on the average greater in 1970 than 1969). In 1970 
the corn appeared to suffer more from stress due to lower rainfall 
during June and July with the result that a greater propensity for 
poorly formed "nubbiny" ears existed in 1970. This was particularly 
evident in plots which received manual applications of 3 or more egg 
masses per plant as treatments for both generations of the borer. Many 
of the ears produced on plants from such heavily infested plots were 
extremely short and/or poorly formed and in some cases had but a few 
kernels present which had not been chewed by second-generation borers. 
This was especially true of the 2 inbreds and to a lesser extent of the 
single-cross. 
In retrospect the harvest and weighing of such ears, and subsequent 
conversion from ear weight to shelled corn weight according to standard 
conversion tables may have been a mistake, for in doing so a considerable 
amount of the yield attributed to shelled grain may have actually been 
due to cobs because of the increased ratio of cob to grain. Therefore 
it is recommended that in future studies, where severely damaged ears 
are evident, that all plot samples be shelled in order to avoid any 
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possibility of considering cobs as yield. It is strongly suspected 
that had this been done in the 1970 experiments, a straight line fit 
of the data would have been obtained. 
Midsummer Evaluation of Leaf Feeding Injury 
As a preface to this section a short discussion of the leaf feeding 
rating system is desirable. The leaf feeding rating system employed in 
this investigation was that described and illustrated by Guthrie, Dicke 
and Nciswander (1960) for evaluating leaf feeding injury occurring dur­
ing the whorl stage of corn development. The system is based on a 9-
class scale where a rating of 1 indicates no visible leaf feeding due 
to corn borer larvae and a 9 rating indicates that most of the leaves 
have long (about 1 inch) lesions due to larval feeding. The rating 
system is used extensively in host plant resistance investigations and 
was in fact developed for use in that area. 
According to Dicke (1954) the primary point of establishment and 
survival of young larvae (first and second instars) attacking corn while 
it is in the whorl stage of development, is closely associated with the 
moist area of the rolled up whorl leaves. As leaves elongate, larvae 
tend to move downward exposing a pattern of elongated lesions on leaves 
of susceptible corn strains. Feeding by the third and fourth instars 
may occur on the leaves but primarily on midrib and sheath tissue. 
Stalk invasion, which produces cavities within the corn stalk, does not 
become extensive until the fifth instar. 
Thus the leaf rating system has a sound biological basis as an 
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indicator of strains of corn having resistance to leaf feeding by early 
instars. In resistance investigations strains of com under study are 
uniformly infested with large numbers of egg masses, usually over a 
period of several days, and are rated 20 to 30 days later to determine 
which strains possess characteristics antagonistic to establishment and 
survival of early instar larvae. 
In this investigation all three strains of corn used are considered 
susceptible to European corn borer larval feeding. Thus, the leaf 
ratings as made in this study served as an indicator of intensity of 
infestation brought about by application of various levels of corn 
borer egg masses and differential control of the natural population 
with the 3 insecticide treatments. In addition, use of the leaf rating 
system allowed a visual assessment of the intensity of infestation 
without destruction of plants which is required in order to make cavity 
counts. However, it must be remembered that after feeding on the whorl 
leaves corn borer larvae feed on other plant parts as they progress in 
development. Thus while the leaf rating values as determined here served 
as an indicator of the intensity of damage due to feeding of the early 
instars, the associated effect on yield as determined in the fall was 
due to the summation of leaf, midrib, sheath, and stalk injury. 
The treatment of leaf rating data was the same as for that involving 
cavity counts as discussed in the previous section. Namely the relation­
ship between leaf rating values and yield was determined by regression 
analyses. The mean leaf rating value per plant per plot as based on a 
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40-plant sample was used as the independent variable and yield as the 
dependent variable. 
However, in the case of leaf rating values a rating of 1 indicates 
no visible leaf feeding injury. Thus the appropriate regression equation 
for a linear model would be: 
y = a + b(x-l) 
where y is the yield quantity to be estimated, a is the estimated yield 
in the absence of leaf feeding injury (a base rating of 1 indicates no 
leaf feeding injury), b is the regression coefficient indicating the 
reduction in y associated with each whole unit increase in leaf rating 
value, and x is the mean leaf rating value per plant per plot. 
Relationship of leaf ratings to yield 
A summary of the regression analyses for both the 1969 and 1970 
experiments are presented in Table 8. The analyses are presented in 
more complete form in Tables 54 through 59. 
Regression equations as obtained from the analyses are presented in 
Table 9. The regression equations in Table 9 were used to plot the 
lines shown in Figures 7 through 9. The plotted lines do not extend 
beyond the maximum mean leaf rating values obtained from the data. 
Results of the analyses of the 1969 data indicated that a highly 
significant linear relationship between leaf rating values and yield 
could be demonstrated for the 2 inbreds but not for the single-cross 
which, as previously pointed out, suffered from erratic stand. In 1969 
the inbred WF9 yielded an estimated 89.85 bushels per acre in the absence 
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Table 8. Summary of regression analyses for midsummer evaluation of 
first-generation infestations relating yield in bushels per 
aero to leaf feeding ratings, WF9, B37, and WF9 x B37, 1969-
1970 
Component^ 
Strain Year Linear Quadratic Lack of fit 
WF9 1969 ** ns ns 
WF9 1970 ** ns ns 
B37 1969 ** ns ns 
B37 1970 ** ns ns 
WF9 X B37 1969 ns ns ns 
WF9 X B37 1970 ** ns ns 
^ns nonsignificant at 5 percent level; 
** significant at 1 percent level. 
Table 9. Regression equations for midsummer evaluation of first-genera­
tion infestations relating yield in bushels per acre to leaf 
feeding ratings, WF9, B37, and WF9 x B37, 1969-1970 
Degrees Percent 
Standard of reduction 
Strain Year Equation error of b freedom per unit 
WF9 1969 y = 89.85-1.92(x-l) 0.32 39 2.13 
WF9 1970 y = 53.25-2.25(x-l) 0.25 52 4.22 
B37 1969 y = 62.42-1.lO(x-l) 0.36 52 1.76 
B37 1970 y = 43.63-2.25(x-l) 0.22 52 5.15 
WF9 X B37 1970 y = 131.31-2.22(x-l) 0.74 39 1.69 
Figure 7. Regression lines for first-generation infestations relating yield in bushels per acre 
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Figure 8. Regression lines for first-generation infestations relating yield in bushels per acre 
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of leaf feeding injury as was reduced in yield by an estimated 1.92 
bushels per acre for each unit increase in leaf rating value above the 
base level of 1 (2.13 percent). The inbred B37 yielded an estimated 
62.42 bushels per acre in the absence of leaf feeding injury and was 
reduced in yield by an estimated 1.10 bushels per acre for each unit 
increase in leaf rating value (1.76 percent). 
Results of the analyses of the 1970 data indicated that a highly 
significant linear relationship between leaf rating values and yield 
could be demonstrated for all 3 strains of corn. Inbred WF9 yielded 
an estimated 53.25 bushels per acre in the absence of leaf feeding in­
jury and suffered an estimated loss of 2.25 bushels per acre for each 
unit increase in leaf rating value (4.22 percent). Inbred B37 yielded 
an estimated 43.63 bushels per acre in the absence of leaf feeding in­
jury and was reduced in yield by an estimated 2,25 bushels per acre 
for each unit increase in leaf rating value (5.15 percent). The single-
cross yielded an estimated 131.31 bushels per acre in the absence of 
leaf feeding injury and was reduced in yield by an estimated 2.22 
bushels per acre for each unit increase in leaf rating value (1.69 per­
cent) . 
It is of interest to note that the estimated bushel loss per unit 
of injury values (b values) do not differ radically between the 2 years 
for the same inbred. However, the damage estimates expressed as percent 
reduction per unit of injury (estimated reduction per unit (b) divided 
by estimated yield in the absence of damage (a)) vary considerably 
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between years for the same inbred due to substantial differences in yield 
between years for the same inbred. 
By the same token it is of interest to note that in the 1970 ex­
periments the estimated yield loss per unit of leaf rating value was 
almost identical for all 3 strains of corn (2.25, 2.25, and 2.22 bushels 
per acre for WF9, B37, and WF9 x B37 respectively). However, again, 
if viewed on a percentage reduction per unit of injury basis the es­
timated yield in the absence of injury greatly influences the values 
obtained (4.22, 5.15, and 1.69 for WF9, B37, and WF9 x B37 respectively). 
Therefore it would appear that any use of the loss estimates ob­
tained from the studies herein would best be applied in terms of bushel 
loss per unit of injury rather than percentage of yield loss per unit 
of injury since potential yield in a given year is determined by the 
environmental conditions peculiar to each year. 
The question as to whether leaf rating values or cavity counts 
are considered more reliable for estimating yield loss due to first-
generation corn borers may arise in the reader's mind. Comparisons of 
these 2 criteria are difficult because the leaf rating values are 
bounded by a scale ranging from 1 to 9 whereas cavity values are not 
so restricted but rather are in theory without limit, as contingent upon 
ultimate larval survival and amount of feeding in the stalk. However, 
in all cases where a significant regression equation was obtained for 
leaf rating values a significant regression equation was also obtained 
for cavity counts indicating that both are probably about equal in 
reliability. As a further indication that the 2 indexes are about 
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equally reliable the ratio of the standard error of the regression 
coefficient to the regression coefficient for cavities and leaf ratings 
for the same year and strain of corn combination are approximately 
equal. 
It is duly recognized that any yield loss estimate, regardless of 
the index used, is subject to considerable error. This is true re­
gardless of whether estimations are arrived at as a result of artificial 
manipulation of corn borer populations or as a result of studies of 
purely natural populations. 
The fact that the amount of yield reduction caused by the corn 
borer in field corn depends upon a number of factors such as the stage 
of plant development when attacked, part of plant attacked, and growth 
habit of the corn is well documented in the literature. 
Treatment regimes in this study were initiated at a time when re­
sultant population levels were expected to exert maximum damage. The 
range of infestations obtained was for the most part a result of manual 
application of corn borer egg masses with the contribution to differences 
in infestation levels due to natural populations believed to have been 
minimal. 
In consideration of the preceding comments, it is considered 
important to point out that the obtained estimates of yield loss whether 
based on leaf ratings or cavities are subject to error and are indeed 
estimates as based on the conditions under which the experiments were 
conducted and strains of corn used. However, the yield loss estimates 
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obtained from this study do provide some information on damage to inbred 
lines which have received little attention along these lines in the past. 
Midsummer Evaluation of Percentage of Plants Showing Leaf Feeding Injury 
As a preface to this section a discussion of the method by which the 
percentage of plants showing first-generation corn borer leaf feeding in­
jury was determined is in order. The midsummer evaluation of plants for 
the determination of leaf damage ratings involved examination of all 
plants comprising the experimental unit of each plot approximately 30 
days after application of egg masses. From the leaf rating data an es­
timate of the percentage of plants showing enough leaf feeding injury to 
have been definitely identifiable as constituting an infested plant with­
in a week's time of egg hatch was obtained by considering only those 
plants with a leaf rating value of 3 (shot-hole type injury common on 
several leaves) or higher. 
The reason for obtaining the percentage data from the midsummer 
evaluation, rather than soon after egg hatch, was primarily that of ex­
pedience since nearly 16,000 plants required examination in each year. 
However, the percentage data obtained in the described manner would not 
differ from that which would have been obtained within a week's time of 
egg hatch because once leaf feeding injury occurs it remains visible for 
the life of the plant. 
As described in the Methods and Materials section, plants in plots 
receiving treatments 1 through 3 received the equivalent of 10, 20, and 
50 egg masses per 100 plants respectively. Egg masses were applied at 
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random. Treatments 4 through 8 received the equivalent of 100, 160, 
320, 640, and 1300 egg masses per 100 plants respectively with each 
plant receiving approximately the same number of egg masses. Natural 
borer infestations were in general light in both years. Therefore in 
some experiments plants in plots receiving treatments 9 through 14 had 
little borer infestation. Thus the manual applications of egg masses 
provided the greater part of the actual range of levels of infestation 
achieved. 
Due to natural mortality and prédation not all plants that received 
egg masses showed leaf feeding injury. However, in plots where treat­
ments 5 through 8 were applied (160-1300 egg masses per 100 plants) 
the range of percentage of plants showing leaf feeding injury was on 
the average generally short (e.g. 80-100 percent) although intensity 
of infestation as based on leaf injury ratings as a result of the same 
treatments generally followed a good gradient (e.g. rating values of 
about 4, 5, 6, and 7). Thus the percentage data obtained in many cases 
lacked precision in terms of reflecting intensity of infestation. 
Chiang and Hodson (1959) studied natural corn borer populations in 
Minnesota and found that egg mass distribution was essentially random 
with a tendency toward contagiosity. Under the conditions of these 
experiments random application procedures were followed only up to a 
point and thereafter were even, which would be contrary to natural 
oviposition patterns. However, it is believed that although lacking in 
these respects, the results obtained would serve to demonstrate the 
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trend of yield reduction as related to the percentage of plants showing 
leaf feeding injury and possibly shed some light on the validity of 
current recommendations which state that seed corn fields should be 
treated with insecticide when 25 percent of the plants show first-genera­
tion larvae feeding in the whorl. 
Relationship of percentage of plants showing leaf feeding injury to yield 
The treatment of the percentage data was the same as for that in­
volving cavity counts and leaf ratings as previously described. Namely 
the relationship between the percentage of plants showing leaf feeding 
injury and yield was determined by regression analyses. The percentage 
of plants showing leaf feeding injury as based on a 40-plant sample was 
used as the independent variable and yield in bushels per acre per plot 
as the dependent variable. The data were analyzed on a percentage basis 
as well as according to the Arcsin transformation. Both analyses ap­
peared to give basically the same results therefore only results ac­
cording to the percentage analyses will be presented. 
In experiments where a significant regression equation was obtained 
the regression coefficients (b values) represent the estimated change in 
bushel yield associated with each 1 percent increase in infestation. 
A summary of the results of the regression analyses for both the 
1969 and 1970 experiments are presented in Table 10. The analyses are 
presented in more complete form in Tables 60 through 65. 
Regression equations as obtained from the regression analyses are 
presented in Table 11. The regression equations in Table 11 were used 
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to plot the lines shown in Figures 10 through 12. Simple treatment 
mean points are also included in the figures for purposes of discussion 
which will follow. The treatment mean points represent points for the 
percentage of plants showing leaf feeding injury as averaged over 
replicates plotted according to the respective mean plot yields averaged 
over replicates. 
Table 10, Summary of regression analyses for midsummer evaluation of 
first-generation infestations relating yield in bushels per 
acre to percentage of plants showing leaf feeding injury, 
WF9, B37, WF9 x B37, 1969-1970 
Component* 
Strain Year Linear Quaaratic Lack of fit 
WF9 1969 ** * ns 
WF9 1970 ** ns * 
B37 1969 ** ns ns 
B37 1970 ** * ** 
WF9 X B37 1969 ns ns ns 
WF9 X B37 1970 ** ns ns 
*ns nonsignificant at 5 percent level; 
* significant at 5 percent level; 
** significant at 1 percent level. 
Results of the analyses of the 1969 data showed that a highly 
significant linear relationship existed between the percentage of plants 
infested and yield for the 2 inbreds but not for the single-cross. In 
addition the quadratic component was significant for inbred WF9, in­
dicating that the relationship between the variables could best be de­
scribed by a curved cacher Llictu â stiraight line. 
Table 11. Regression equations for midsummer evaluation of first-generation infestations re­
lating yield in bushels per acre to percentage of plants showing leaf feeding in­
jury, WF9, B37, WF9 x B37, 1969-1970 
Strain Year Equation^ 
Standard 





VF9 1969 y = 88.90 + 0.1328X - 0.002502x2 0.1151 0.001166 39 
kF9 1970 y = 53.50 - 0.1142% 0.0154 — 52 
E37 1969 y = 62.60 - 0,0566x o 0.0196 — 52 
E37 1970 y = 43.20 + 0.0244x - 0.001545X 0.0701 0.000706 52 
VF9 X B37 1970 y = 131.42 - 0.0911X 0.0313 — 39 
^Regression coefficients expressed in bushels per acre for each 1 percent increase in 
plants showing leaf feeding injury. 
Figure 10. Regression lines for first-generation infestations relating yield in bushels per acre 
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Figure 11. Regression lines for first-generation infestations relating yield in bushels per acre 
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Results of the 1970 data analyses indicated that a highly significant 
relationship between the percentage of infested plants and yield could 
be demonstrated for all 3 strains of corn under study. For WF9 and WF9 
X B37 the relationship was purely linear whereas for B37 the quadratic 
component was significant at the 5 percent level of confidence indicating 
a curvilinear relationship between the percentage of plants infested and 
yield. 
The reader will note that the lack of fit component was signifi­
cant for the WF9 experiment and highly significant for the B37 experi­
ment in 1970. 
A review of the plotted line, as obtained from the regression 
equation, and the accompanying treatment mean points indicates that the 
lack of fit significance for WF9 in 1970 was probably due to the 
cluitq>ing of treatments 5 through 8 which are represented by the 4 data 
points to the far right in Figure 10. It is apparent that the 4 men­
tioned treatments as a whole fell within a limited range in terms of 
the percentage of plants showing leaf feeding injury but due to dif­
ferences in intensity of infestation resulted in differential yield 
reductions. For this experiment additional analyses might result in a 
better fit of the data in which case a line with a downward slope might 
extend for a distance up to perhaps 90 percent and then curve downward 
sharply. 
A review of the mean data points as compared to the fitted line for 
the B37, 1970 experiment, as shown in Figure 11, indicates that a pos­
sible explanation for the highly significant lack of fit is again related 
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to treatments 5 through 8 which, though differing in intensity of borer 
infestation, all on the average fell within a relatively short range in 
terms of the percentage of plants showing leaf feeding injury. Again, 
as in the case of the WF9 experiment for 1970, a more sophisticated 
analysis might provide a better fit of the data. 
In the case of the WF9 x B37 experiment for 1970, as demonstrated 
in Figure 12, the distribution of the percentage of plants showing leaf 
feeding was on the average somewhat better and more desirable in terms 
of a straight line relationship than for either of the 2 inbreds in 
either year. 
Conclusions from the results obtained from this segment of the 
investigation are somewhat difficult to draw, if one considers the 
deficiencies pointed out. However, the fact that a highly significant 
relationship was found between yield and the percentage of plants show­
ing leaf feeding injury in 5 of the 6 experiments cannot be denied. 
Scrutiny of the obtained regression lines as they exist, considering 
all the strains of corn, would tend to indicate that yield reductions 
of substantial nature most assuredly occurred as a result of 50 or 
more percent of the plants showing leaf feeding injury. 
The economics of corn borer control in seed corn fields is dif­
ficult to determine. Seed corn is considered a high value crop. The 
cost of insecticide and application can readily be obtained. A single 
bushel of processed seed corn would more than pay for the cost of in­
secticide and application. However, the value of a bushel of shelled 
corn at harvest, whether grown for maintenance of an inbred line or 
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production of hybrid seed for sale, can only be determined by the 
producer. Therefore the only conclusion that can be drawn is that the 
data obtained from these experiments tend to indicate that yield loss 
in seed corn fields could probably be minimized by applying chemical 
control measures at some point before 50 percent of the plants show 
evidence of leaf feeding injury in the whorl. 
Of perhaps greater importance in regards to attempts to relate the 
percentage of plants showing leaf feeding Injury to yield is that of 
suggestions for improved experimental technique. The techniques used 
in this investigation appeared to be satisfactory in terms of obtaining 
gradients of infestation as assessed by cavity counts and leaf ratings, 
but the resultant percentage data were some^ at less than satisfactory. 
Future work on relating the percentage of plants showing leaf feeding 
injury to yield would probably lead to more clear cut results if a scheme 
could be worked out whereby a range of natural random oviposition patterns 
could be better duplicated, thus avoiding to some extent the condition 
of having many plots with all of the plants infested. This would be no 
easy task. 
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SUMMARY AND CONCLUSIONS 
This study was initiated to obtain information on the effect of the 
European corn borer on the yield of inbred and single-cross seed corn. 
The inbreds WF9 and B37 and the single-cross WF9 x B37 were selected for 
study. 
Artificial infestation techniques were utilized to supplement 
natural infestations in order to obtain a range of infestation levels. 
Regression analyses were used to obtain yield loss estimates for the 
various indexes of infestation. 
The objectives were: (1) to determine the relative importance of 
the first generation of the corn borer as opposed to the 2 generations 
in combination, (2) to determine the relationship between the number of 
cavities found in the fall in split stalks and yield for first-generation 
and first plus second-generation infestations, (3) to determine the 
relationship between the intensity of leaf feeding injury due to first-
generation populations and yield, and (4) to determine the relationship 
between the percentage of plants showing noticeable first-generation 
leaf feeding injury and yield. 
Conclusions drawn from the study are as follows: 
1. The combination of first plus second-generation infestations 
resulted in greater total yield reduction than did infestations due to 
the first-generation alone although estimated loss in yield on a per 
cavity per plant basis, as determined by stalk splitting in the fall, was 
greater for the first-generation than for the 2 generations in combination. 
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2, Yield loss estimates for first-generation infestations were 3,88 
and 5.17 bushels per acre per cavity per plant for WF9 and B37 respectively 
in 1969, In 1970 estimated losses per cavity per plant were 4.50, 5,89, 
and 6.52 bushels per acre for WF9, B37, and WF9 x B37 respectively. 
3. Estimated yield losses per cavity per plant for the 2 genera­
tions in combination were 2,81, 2,46, and 3,52 bushels per acre for WF9, 
B37, and WF9 x B37 respectively in 1969. In 1970 a highly significant 
curvilinear relationship between yield and cavities was obtained in­
dicating that yield loss associated with each cavity decreased as the 
number of cavities per plant increased. However, approximated loss per 
cavity per plant, on an average basis, was calculated at 1,90, 2.65, 
and 3,75 bushels per acre for WF9, B37, and WF9 x B37 respectively, 
4, Leaf damage ratings as based on a 1 to 9 scale (1 = no leaf 
feeding injury and 9 = most of the leaves with long feeding lesions) as 
a measurement of intensity of leaf feeding injury as a result of first-
generation populations were found to be significantly related to yield. 
In 1969 the estimated loss per unit increase in leaf rating value above 
the base level of 1 was 1,92 and 1,10 bushels per acre for WF9 and B37 
respectively. In 1970 experiments the estimated loss per unit increase 
in leaf rating value was 2.25, 2.25, and 2,22 bushels per acre for WF9, 
B37, and WF9 x B37 respectively, 
5. The percentage of plants showing noticeable leaf feeding in­
jury due to first-generation populations was found to be significantly 
related to yield. Although the results were somewhat difficult to in­
terpret, the obtained regression lines tended to indicate a strong trend 
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toward yield reductions of substantial nature when the percentage of 
plants showing leaf feeding injury exceeded 50 percent, indicating that 
yield loss in seed corn fields could be minimized by applying chemical 
control measures at some point before 50 percent of the plants show leaf 
feeding injury in the whorl. 
92 
LITERATURE CITED 
Apple, J. W. 1952, Corn borer development and control on canning corn 
in relation to temperature accumulation. Journal of Economic 
Entomology 45:877-879. 
Apple, J. W. 1953. Timing applications for corn borer control. North 
Central Branch of the Entomological Society of America Proceedings 
8:70. 
Bigger, J. H., G. C. Decker, J. M. Wright and H. B. Petty. 1947. In­
secticides to control the European corn borer in field corn. Journal 
of Economic Entomology 40:401-407. 
Brindley, T. A. 1955, New developments in insect control. Proceedings 
of the Annual Hybrid Corn Industry-Research Conference 10:80-86. 
Brindley, T. A., and F. F. Dicke, 1963, Significant developments in 
European corn borer research. Annual Review of Entomology 8:155-176, 
Caffrey, D. J., and L. H, Worthley, 1927, A progress report on the in­
vestigations of the European corn borer. United States Department 
of Agriculture Bulletin 1476. 
Chiang, H. C,, and L. H. Cutkomp. 1953. The importance of some biological 
characteristics of European corn borer on timing of application of 
insecticides. Journal of Economic Entomology 46:277-287, 
Chiang, H. C,, L. H. Cutkomp and A, C, Hodson, 1954. The effects of the 
second generation European corn borer on field corn. Journal of 
Economic Entomology 47:1015-1020, 
Chiang, H. C,, and A, C, Hodson. 1950. Stalk breakage caused by the 
European com borer and its effect on the harvesting of field com. 
Journal of Economic Entomology 43:415-422. 
Chiang, H. C., and A. C. Hodson. 1952. Relation between egg mass abun­
dance and fall population of first-generation corn borer and justi­
fication for insecticidal control in field corn. Journal of Economic 
Entomology 45:320-323, 
Chiang, H. C., and A. C. Hodson. 1953. Leaf injury caused by the first-
generation corn borer in field corn. Journal of Economic Entomology 
46:68-73. 
93 
Chiang, H. C., and A. C. Hodson. 1959. Distribution of the first-
generation egg masses of the European corn borer in corn fields. 
Journal of Economic Entomology 52:295-299, 
Chiang, H. C., F. G. Holdaway , T. A. Brindley and C, R, Neiswander. 
1960. European corn borer populations in relation to the estimation 
of crop loss. Journal of Economic Entomology 53:517-522, 
Cox, H C, and T. A, Brindley. 1958. Time of insecticide applications in 
European com borer control. Journal of Economic Entomology 51: 
133-137. 
Cox, H C, W. G. Lovely and T. A. Brindley. 1956. Control of the 
European corn borer with granulated insecticides in 1955. Journal 
of Economic Entomology 49:834-838, 
Deay, H. 0., L, H. Patch and R. 0. Snelling. 1949. Loss in yield of 
dent corn infested with the August generation of the European corn 
borer. Journal of Economic Entomology 42:81-87. 
Decker, G, C., and J. H. Bigger. 1949, Spraying and dusting field corn 
for corn borer control, Illinois College of Agriculture Circular 
642. 
Dicke, F. F, 1954. Breeding for resistance to European corn borer. 
Proceedings of the Annual Hybrid Corn Industry-Research Conference 
9:44-45. 
Everett, T. R,, H. C. Chiang and E. T. Hibbs. 1958. Some factors in­
fluencing populations of European corn borer [Pyrausta nubilalis 
(Hbn,)] in the North Central States, Minnesota Agricultural Experi­
ment Station Technical Bulletin 229, 
Fleming, A. A,, R. Singh, H. K, Hayes and E, L. Pinnel. 1958, In­
heritance in maize of reaction to European corn borer and its rela­
tionship to certain agronomic characters, Minnesota Agricultural 
Experiment Station Technical Bulletin 226, 
Gunderson, H. 1949. Controlling the European corn borer. Iowa State 
College Agricultural Extension Service Pamphlet 150. 
Guthrie, W, D., F. F, Dicke and C. R. Neiswander. 1960. Leaf and sheath 
feeding resistance to the European corn borer in eight inbred lines 
of dent corn. Ohio Agricultural Experiment Station Research Bulletin 
860. 
94 
Guthrie, W. D., E. S. Raun, F. F. Dicke, G. R. Pesho and S. W, Carter. 
1965. Laboratory production of European corn borer egg masses. 
Iowa State Journal of Science 40:65-83. 
Hawkins, J. 1951. Importance of time of application of DDT sprays in 
control of European corn borer. Journal of Economic Entomology 44: 
569-571. 
Holdaway, F. G., L. H. Cutkomp and A. W. Buzicky. 1949. Fighting the 
European corn borer in Minnesota. Minnesota Agricultural Extension 
Service Bulletin 257. 
Holdaway, F. G., L. H. Cutkomp and A. W. Buzicky. 1950. 1950 recommenda­
tions for corn borer control. Minnesota Agricultural Extension Ser­
vice Bulletin 257 (Supplement). 
Iowa State University Cooperative Extension Service. 1971. Summary of 
Iowa insect pest control recommendations for 1971. Iowa State 
University Cooperative Extension Service Publication IC-328(Rev.), 
Jarvis, J. L., T. R. Everett, T. A. Brindley and F. F. Dicke. 1961. 
Evaluating the effect of European corn borer populations on corn 
yield. Iowa State Journal of Science 36:115-132. 
King, E. E. 1959. Optimum time of application of emulsion and granular 
formulations of DDT for the control of European corn borer. Un­
published M.S. thesis. Ames, Iowa, Library, Iowa State University, 
Kwolek, w, F, 1958. A statistical study of the effects of European com 
borer, Pyrausta nubilalis (Hbn.), on corn yield. Unpublished Ph,D, 
thesis, Ames, Iowa, Library, Iowa State University, 
Kwolek, W, F., and T. A. Brindley, 1959, The effects of the European 
corn borer, Pyrausta nubilalis (Hbn,), on corn yield. Iowa State 
College Journal of Science 33:293-323, 
Luckmann, W. H, 1953, Timing criteria for corn borer control in relation 
to plant development. North Central Branch of the Entomological 
Society of America Proceedings 8:70-71. 
Luckmann, W. H,, and H, B, Petty. 1957, Controlling corn borers in field 
corn with insecticides. Illinois College of Agriculture Circular 
768. 
Mauston, G. M. 1959, Timing of insecticide applications for second brood 
corn borer control. Unpublished M.S. thesis. Ames, Iowa, Library, 
Iowa State University. 
95 
Neiswander, C, R., and E. R. Herr. 1930. Correlations of com borer 
populations with degree of damage. Journal of Economic Entomology 
23:938-945. 
North Central Regional Research Committee. 1968. The European corn 
borer and its control in the North Central States. Iowa State 
University Experiment Station Pamphlet 176(Rev.). 
Patch, L. H. 1933. Laboratory production of clusters of European corn 
borer eggs for use in hand infestation of corn. Journal of Economic 
Entomology 26:196-204. 
Patch, L. H., H. 0. Deay and R. 0. Snelling. 1951. Stalk breakage of 
dent corn infested with the August generation of the European corn 
borer. Journal of Economic Entomology 44:534-539. 
Patch, L. H., G. W. Still, B. A. App and C. A. Crooks. 1941. Compara­
tive injury by the European corn borer to open-pollinated and 
hybrid field corn. Journal of Agricultural Research 63:355-368. 
Patch, L. H., G. W. Still, M. Schlosberg and G. T. Bottger. 1942. Fac­
tors determining the reduction in yield of field corn by the 
European corn borer. Journal of Agricultural Research 65:473-482, 
Penny, L. H,, and F. F. Dicke. 1959. European corn borer damage in re­
sistant and susceptible dent corn hybrids. Agronomy Journal 51: 
323-326. 
Salter, R. M., and L, E, Thatcher. 1927. Agronomic research on the 
European corn borer in Ohio. Journal of the American Society of 
Agronony 19:137-153. 
Scott, G. E., W. D. Guthrie and G. R. Pesho. 1967, Effect of second-
brood corn borer infestations on 45 single-cross hybrids. Crop 
Science 7:229-230, 
Sparks, A. N., H, C. Chiang, C. A. Triplehorn, W. D. Guthrie and T. A, 
Brindley. 1967, Some factors influencing populations of the 
European corn borer, Ostrinia nubilalis (Hiibner) in the North Cen­
tral States. Iowa State University Experiment Station Research 
Bulletin 559, 
United States Department of Agriculture. 1955. The European corn borer 
and its control. United States Department of Agriculture Farmers' 
Bulletin 2084. 
United States Department of Agriculture, 1967. The European com borer 
-- how to control it. United States Department of Agriculture 
96 
ACKNOWLEDGMENTS 
The author expresses special gratitude to Dr. T. A. Brindley, major 
professor, for his encouragement, patience and guidance during the course 
of graduate studies. Appreciation is also extended to Dr. T. A. Brindley, 
Dr. R, E. Ford, Dr. W. D. Guthrie, Dr. J. A. Mutchmor, Dr. L. P. Pedigo 
and Dr. D. C. Peters for serving as graduate committee members. 
The nature of the thesis project required much physical aid in the 
form of corn planting, thinning, picking and stalk splitting. Without 
the help of many people the project could not have been completed. Thanks 
are due to the entire staff of the European corn borer laboratory at 
Ankeny, Iowa, for their cooperation. Specific thanks are extended to Mr. 
E. C, Berry, Dr. T. A. Brindley, Mr. C. R. Edwards, Dr. W. D. Guthrie, Mr, 
J. A. Jones, Mr, J. F. Robinson, Dr. L. C. Lewis, Mr. R. L. Lynch, Dr. G. 
E. Loughner, Mr, G, M. McWhorter, Mr. G. L. Reed, and Dr. W. B. Showers 
for their assistance in hand planting and/or stalk splitting. 
Special thanks are extended to Mr, E, C. Berry, Mr. C. R. Edwards 
and Mr. G. M. McWhorter for their untiring physical aid and cooperation 
in assisting with all phases of field operations and sample processing 
and to Dr. W. D. Guthrie for making leaf feeding ratings on plots. 
To Dr. D. K. Hotchkiss special thanks are extended for assistance 
and guidance during statistical analyses of the data. 
The author is further grateful to his family and parents for their 
encouragement and financial aid. Special gratitude is extended to his 
wife, Virginia, for her faithful patience, love and unselfish willingness 
97 
to work full time in order to supplement the family income. To his 
children, Douglas, Daniel and Deanna, the author expresses his gratitude 
for their patience, understanding, love and continued acceptance of a 




Table 12. Yield in bushels per acre of number 2 shelled corn adjusted to 
15.5 percent moisture, WF9, 19691 
2 Treatment Replicate number 
lumber ] [ II III IV Mean 
la 98. 73 89. 69 87 .82 76. 62 88 .22 
b 102. 69 84. 17 83 .86 82. 22 88 .24 
2a 94. 68 89. 51 88 .43 75. 30 86 .98 
b 99. 23 94. 58 83 .06 84. 91 90 .45 
3a 91. 57 89. 99 84 .99 95. 54 90 .52 
b 85. 02 91. 92 79 .89 94. 80 87 .91 
4a 87. 84 88. 16 84 .30 73. 06 83 .34 
b 80, .50 83. 04 77 .46 74. 93 78 .98 
5a 91. 64 76. 07 86 .92 78. 76 83 .35 
b 68. 85 60. 01 77 .32 67. 32 68 .38 
6a 74. 10 75. 54 76 .76 85. 27 77 .92 
b 79. 30 62. 95 54 .60 68. 38 66 .31 
7a 83. 58 75. 31 81 .37 66. 13 76 .60 
b 61. 80 49. 72 59 .81 52. 90 56 .06 
8a 76. 25 78. 92 70 .34 74. 75 75 .07 
b 49. 52 36. 18 55 .33 50. 60 47 .91 
9a 91. 21 92. 83 97 .60 88. 19 92 .46 
b 90. 35 90. 99 90 .76 91. 65 90 .94 
10a 91. 40 70. 95 90 .22 81. 65 83 .56 
b 89. 77 76. 04 88 .35 91. 64 86 .45 
11a 96. 83 85. 41 87 .92 87, 75 89 .48 
b 94. 44 87. 44 83 .85 89. 68 88 .85 
12a 91. 13 95. 50 90 .49 74. 16 87 .82 
b 82. 70 97. 71 86 .17 92. 84 89 .86 
13a 83. 25 97. 40 90 .25 101. 51 93 .10 
b 81. 21 91. 14 83 .24 97. 29 88 .22 
14a 96. 92 93. 30 86 .02 92. 44 92 .17 
b 95. 47 90. 71 86 .29 99. 23 92 .93 
Based on 40 plants per sub-plot. 
a - Firct-gcnerriticn, b = firar nlns second-generation. 
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Table 13. Mean number of cavities per plant at harvest in the fall, 
WF9, 1969^ 
2 
Treatment Replicate number 
number I II III IV Mean 
la 1.00 0.95 1.25 0.55 0.94 
b 2.20 1.75 2.00 1.30 1.81 
2a 1.50 0.90 1.10 0.55 1.01 
b 2.35 2.05 2.20 1.70 2.08 
3a 2.00 2.15 1.10 2.00 1.81 
b 2.05 3.35 2.15 4.75 3.08 
4a 1.30 1.80 2.70 1.45 1.81 
b 4.55 5.10 4.90 6.15 5.18 
5a 1.90 1.80 2.70 2.85 2.31 
b 6.85 5.50 6.75 5.75 6.21 
6a 1.45 1.90 3.25 2.90 2.38 
b 7.00 7.25 9.75 9.25 8.31 
7a 1.95 3.15 3.85 3.10 3.01 
b 10.10 16.20 10.50 12.00 12.20 
8a 3.80 3.95 3.15 3.75 3.66 
b 14.90 22.30 14.70 15.15 16.76 
9a 0.65 0.70 1.10 0.35 0.70 
b 1.05 0.50 0.25 0.25 0.51 
10a 1.15 1.00 0.50 0.55 0.80 
b 1.00 1.20 0.75 0.80 0.94 
11a 0.85 0.70 0.65 1.00 0.80 
b 0.90 2.20 1.25 1.05 1.35 
12a 0.90 0.60 0.90 0.84 0.81 
b 0.90 2.25 1.55 1.15 1.46 
13a 0.95 1.05 0.80 1.00 0.95 
b 1.55 2.05 0.85 1.50 1.49 
14a 0.65 0.50 0.85 1.30 0.83 
b 0.65 1.65 1.65 2.20 1.54 
Average of the cavities in 40 individual plants, 
a = First-generation, b = first plus second-generation. 
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Table 14, Leaf feeding ratings due to first-generation corn borer larvae, 
WF9, 19691 
2 
Treatment Replicate number 
lumber I II III IV Mean 
la 1.25 1.15 1.70 1.20 1.33 
b 1.15 1.25 1.45 1.30 1.29 
2a 2.30 1.25 1.80 1.30 1.66 
b 1.40 1.25 1.75 1.40 1.45 
3a 2.70 2.85 1.65 2.70 2.48 
b 2.50 3.10 2.50 1.50 2.40 
4a 4.20 4.10 5.10 3.90 4.33 
b 4.10 4.30 4.30 4.10 4.20 
5a 3.60 5.20 5.20 6.20 5.05 
b 5.00 5.05 4.55 5.80 5.10 
6a 6.30 6.00 6.50 6.75 6.39 
b 6.15 5.80 6.00 6.20 6.04 
7a 5.90 8.40 8.20 8.30 7.70 
b 5.40 8.20 8.80 8.55 7.74 
8a 8.70 8.45 8.90 8.25 8.58 
b 8.90 8.75 8.80 8.45 8.73 
9a 1.00 1.00 1.00 1.00 1.00 
b 1.55 1.20 1.00 1.00 1.19 
10a 1.15 1.00 1.10 1.00 1.04 
b 1.05 1.00 1.00 1.00 1.01 
11a 1.10 1.00 1.00 1.20 1.08 
b 1.00 1.00 1.10 1.05 1.04 
12a 1.00 1.05 1.00 1.10 1.04 
b 1.00 1.00 1.35 1.00 1.09 
13a 1.10 1.00 1.20 1.00 1.08 
b 1.00 1.00 1.10 1.00 1.02 
14a 1.05 1.10 1.05 1.00 1.05 
b 1.00 1.10 1.10 1.20 1.10 
A^verage of the ratings on 40 individual plants. 
2 
a  —  £  i r 6 U — u  —  p j L U . c >  
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Table 15 . Percent of plants showing first-generation corn borer leaf 
feeding injury, WF9, 1969^ 
2 Treatment Replicate number 
lumber I II III IV Mean 
la 5, .00 7. 50 25. ,00 5, 00 10, .62 
b 5, .00 10. ,00 15, ,00 7, .50 9, .38 
2a 32, .50 7. 50 32. ,50 7. ,50 20. 00 
b 15, 00 10. 00 20, .00 10, ,00 13, .75 
3a 55, .00 52. ,50 20, .00 55, ,00 45, .63 
b 50, .00 62. 50 47. ,50 47. ,50 51, .88 
4a 77, .50 80. ,00 90, ,00 75. ,00 80, .63 
b 72, .50 75. ,00 82. ,50 80. ,00 77, .50 
5a 72, .50 90. ,00 95, ,00 100. ,00 89, .38 
b 85, .00 97. ,50 90, ,00 95. ,00 91, .88 
6a 95, .00 97. 50 100, ,00 100. ,00 98. 13 
b 97, .50 97. ,50 97. ,50 97. ,50 97, .50 
7a 85, ,00 100. ,00 100. ,00 100. ,00 96. 25 
b 90, .00 100. ,00 100. ,00 100. ,00 97. 50 
8a 100, ,00 100. ,00 100. ,00 100, ,00 100, .00 
b 100, .00 100. 00 100. 00 100. ,00 100. ,00 
9a 0, ,00 0. ,00 0. ,00 0. ,00 0. ,00 
b 17. 50 7. 50 0. 00 0. 00 6. ,25 
10a 5. ,00 0. 00 2. 50 0. ,00 1. ,88 
b 2, .50 0. 00 0. ,00 0. ,00 0. ,63 
11a 5, 00 0. ,00 0. ,00 5, ,00 2. ,50 
b 0, ,00 0. ,00 2. ,50 2, 50 1. 25 
12a 0, ,00 2. 50 0. ,00 2. ,50 1. 25 
b 0, ,00 0. 00 10. ,00 0, ,00 2. 50 
13a 2, .50 0. ,00 5. ,00 0, ,00 1. 88 
b 0. ,00 0. 00 2. ,50 0. ,00 0. 63 
14a 2, 50 2, .50 2. ,50 0. ,00 1. 88 
b 0. 00 2. ,50 5. 00 7. 50 3. 75 
B^ased on 40 plants per sub-plot. 
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Table 16. Yield in bushels per acre of number 2 shelled corn adjusted to 
15.5 percent moisture, WF9, 1970^ 
Treatment^  Replicate number 
number I II III IV V Mean 
la 55. 19 49 .36 56 .34 53 .76 67 .30 56 .39 
b 49. 55 48 .46 47 .94 57 .23 60 .94 52 .82 
2a 37. 47 34 .22 55 .70 52 .46 65 .06 48 .98 
b 47. 82 51 .50 47 .73 43 .03 55 .82 49 .18 
3a 35. 94 45 .05 56 .10 50 .67 54 .30 48 .41 
b 35. 69 30 .30 45 .26 41 .16 36 .63 37 .81 
4a 48. ,60 49 .51 48 .48 49 .97 52 .90 49 .89 
b 47. 28 36 .22 46 .69 48 .11 50 .11 45 .68 
5a 45. 50 39 .21 53 .78 39 .14 61 .95 47 .92 
b 45. 11 33 .07 43 .48 30 .50 66 .07 43 .65 
6a 31. 48 33 .54 43 .44 37 .54 57 .01 40 .60 
b 18. 94 25 .16 37 .13 20 .36 51 .06 30 .53 
7a 46. 36 42 .26 42 .61 36 .49 58 .66 45 .28 
b 33. 05 35 .23 36 .26 36 .81 46 .41 37 .55 
8a 23. 94 26 .23 41 .32 35 .60 43 .78 34 .17 
b 23. ,29 21 .84 24 .16 19 .26 38 .78 25 .47 
9a 50. 14 52 .74 47 .21 58 .49 66 .85 55 .09 
b 50. ,63 56 .88 57 .35 57 .85 61 .77 56 .90 
10a 40. 73 50 .16 62 .47 49 .60 63 .76 53 .34 
b 39. 94 45 .30 49 .52 48 .58 66 .33 49 .93 
11a 47. 77 48 .84 58 .05 46 .15 56 .27 51 .42 
b 50. 68 35 .47 60 .33 49 .66 62 .89 51 .81 
12a 41. 50 40 .46 53 .06 53 .10 65 .48 50 .72 
b 43. 30 42 .36 65 .21 56 .60 65 .28 54 .55 
13a 45. 57 48 .52 59 .03 48 .45 67 .70 53 .85 
b 37. 82 54 .83 55 .05 56 .97 68 .09 54 .55 
14a 45. 18 51 .15 59 .27 54 .50 62 .58 54 .54 
b 47. 15 53 .24 53 .91 44 .15 56 .88 51 .07 
B^ased on 40 plants per sub-plot. 
2 
A = First-generation, b = first DIUS second-generation. 
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Table 17. Mean number of cavities per plant at harvest in the fall, 
WF9, 1970l 
2 
Treatment Replicate number 
number I II III IV V Mean 
la 2.05 0.90 0.90 1.50 1.30 1.33 
b 1.95 1.25 1.65 1.60 1.65 1.62 
2a 1.30 1.50 1.00 0.85 1.45 1.22 
b 2.50 2.35 1.90 1.80 1.15 1.94 
3a 2.30 1.35 2.00 1.25 0.90 1.56 
b 2.80 2.35 1.90 3.75 2.45 2.66 
4a 1.50 2.95 1.85 1.70 2.10 2.02 
b 3.25 3.25 3.60 3.60 4.80 3.70 
5a 2.40 2.40 2.35 2.30 1.30. 2.15 
b 3.95 2.65 6.20 4.20 2.85 3.97 
6a 3.50 4.05 3.35 2.45 1.85 3.04 
b 7.55 7.05 7.70 9.75 6.35 7.68 
7a 3.80 3.10 2.45 5.15 3.10 3.52 
b 9.30 10.00 9.95 13.65 11.95 10.97 
8a 5.00 4.75 3.75 3.35 4.30 4.25 
b 14.15 17.05 18.55 15.70 15.75 16.24 
9a 1.25 0.60 0.75 0.90 1.25 0.95 
b 1.50 0.55 0.30 0.70 0.60 0.73 
10a 1.40 0.45 0.50 0.75 0.65 0.75 
b 1.95 1.25 0.35 0.55 0.55 0.93 
11a 1.00 1.40 0.70 0.95 1.00 1.01 
b 0.95 2.05 1.35 2.65 0.90 1.58 
12a 1.20 0.75 0.60 0.65 1.35 0.82 
b 2.75 1.30 1.55 1.25 0.85 1.54 
13a 1.40 1.00 0.90 0.85 0.65 0.96 
b 2.65 0.75 1.10 1.05 1.05 1.32 
14a 1.00 1.35 0.85 0.90 0.95 1.01 
b 1.95 0.90 1.65 1.30 0.65 1.29 
Average of the cavities in 40 individual plants, 
a = First-generation, b = first plus second-generation. 
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Table 18. Leaf feeding ratings due to first-generation corn borer larvae, 
WF9, 19701 
O 
Treatment Replicate number 
number I II III IV V Mean 
la 1.10 1.20 1.30 1.25 1.00 1.17 
b 1.05 1.05 1.35 1.10 1.05 1.12 
2a 1.30 1.15 1.10 1.80 1.15 1.30 
b 1.65 1.75 1.05 1.25 1.30 1.40 
3a 2.55 1.90 1.70 1.85 1.80 1.96 
b 1.95 2.50 2.10 2.30 1.75 2.12 
4a 2.15 3.10 3.15 3.95 4.00 3.27 
b 2.25 3.45 4.55 5.15 4.50 3.98 
5a 4.65 5.50 4.00 4.40 4.50 4.61 
b 4.15 5.10 4.35 5.00 4.35 4.59 
6a 5.65 5.20 6.25 4.55 6.35 5.60 
b 6.00 5.85 4.75 5.90 5.55 5.61 
7a 6.30 5.70 6.65 7.85 6.80 6.66 
b 5.90 5.70 6.25 7.80 6.35 6.40 
8a 8.25 7.30 7.30 8.20 6.60 7.53 
b 7.85 7.65 6.85 8.60 6.30 7.45 
9a 1.00 1.00 1.00 1.00 1.00 1.00 
b 1.00 1.00 1.00 1.00 1.00 1.00 
10a 1.00 1.00 1.00 1.00 1.00 1.00 
b 1.00 1.00 1.00 1.00 1.00 1.00 
11a 1.00 1.00 1.00 1.00 1.05 1.01 
b 1.00 1.00 1.00 1.00 1.00 1.00 
12a 1.00 1.00 1.00 1.00 1.05 1.01 
b 1.00 1.00 1.00 1.00 1.00 1.00 
13a 1.00 1.00 1.00 1.00 1.00 1.00 
b 1.05 1.05 1.00 1.35 1.00 1.09 
14a 1.35 1.00 1.00 1.00 1.00 1.07 
b 1.00 1.10 1.00 1.00 1.00 1.02 
Average of the ratings on 40 individual plants, 
a - piref-eenArafinn. h = firsc plus second-generation. 
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Table 19, Percent of plants showing first-generation com borer leaf 
feeding injury, WF9, 1970^  
2 
Treatment Replicate nuiriber 
lumber I II III IV V Mean 
la 5.00 7.50 10.00 10.00 0.00 6.50 
b 2.50 2.50 10.00 5.00 2.50 4.50 
2a 10.00 5.00 2.50 25.00 5.00 9.50 
b 20.00 27.50 2.50 12.50 10.00 14.50 
3a 47.50 27.50 20.00 27.50 45.00 33.50 
b 32.50 47.50 35.00 45.00 27.50 37.50 
4a 45.00 62.50 67.50 77.50 87.50 68.00 
b 45.00 72.50 95.00 90.00 90.00 78.50 
5a 87.50 100.00 95.00 85.00 90.00 91.50 
b 87.50 92.50 92.50 95.00 82.50 90.00 
6a 100.00 85.00 100.00 97.50 100.00 96.50 
b 100.00 97.50 90.00 100.00 100.00 97.50 
7a 100.00 100.00 100.00 100.00 100.00 100.00 
b 100.00 97.50 100.00 100.00 100.00 99.50 
8a 100.00 100.00 100.00 100.00 100.00 100.00 
b 100.00 100.00 100.00 100.00 100.00 100.00 
9a 0.00 0.00 0.00 0.00 0.00 0.00 
b 0.00 0.00 0.00 0.00 0.00 0.00 
10a 0.00 0.00 0.00 0.00 0.00 0.00 
b 0.00 0.00 0.00 0.00 0.00 0.00 
11a 0.00 0.00 0.00 0.00 2.50 0.50 
b 0.00 0.00 0.00 0.00 0.00 0.00 
12a 0.00 0.00 0.00 0.00 2.50 0.50 
b 0.00 0.00 0.00 0.00 0.00 0.00 
13a 0.00 0.00 0.00 0.00 0.00 0.00 
b 2.50 2.50 0.00 7.50 0.00 2.50 
14a 10.00 0.00 0.00 0.00 0.00 2.00 
b 0.00 2.50 0.00 0.00 • 0.00 0.50 
Based on 40 plants per sub-plot. 
2 
— r xi. i>L-5cuci.ciLi.uu, u — piua 
Table 20. Yield in bushels per acre of number 2 shelled corn adjusted to 
15.5 percent moisture, B37, 1969^ 
2 Treatment Replicate number 
number I II III IV V Mean 
la 60 .26 49 .87 57 .46 59 .46 60. ,00 57 .41 
b 58 .89 63 .60 59 .36 65, .47 71. ,94 63 .85 
2a 60 .75 61 .95 60 .24 54, .05 50. ,25 57 .45 
b 65 .51 54 .42 68 .30 64, .18 64. ,98 63 .48 
3a 55 .72 61 .23 58 .06 55, .66 54. 77 57 .09 
b 53 .30 68 .69 49 .57 58, .53 55. ,48 57 .11 
4a 56 .13 57 .94 67 .19 56, .05 67. ,12 60 .89 
b 49 .76 50 .60 70 .08 44, .25 69. 22 56 .78 
5a 63 .06 50 .56 49 .16 67, .02 53. 28 56 .62 
b 67 .55 63 .36 56 .56 47, .76 50. 40 57 .13 
6a 44 .04 60 .96 49 .98 72, .70 64. 13 58 .36 
b 53 .07 60 .08 48 .00 47, .66 47. 55 51 .27 
7a 67 .29 57 .75 52 .94 56. 04 67. 49 60 .30 
b 52 .55 52 .78 46 .52 38. 57 54. 57 48 .99 
8a 67 .06 53 .60 46 .74 43. 38 56. 88 53 .53 
b 57 .25 33 .31 36 .06 40. 18 28. 29 39 .02 
9a 55 .37 60 .07 63 .40 70. 77 64. 10 62 .74 
b 73 .21 55 .45 57 .90 67. 62 66. 76 64 .19 
10a 78 .31 60 .47 54 .87 77. 56 75. 90 69, .42 
b 81 .59 76, .66 60 .54 72. 93 75. 10 73 .36 
11a 70 .47 70, .40 46 .52 63. 44 69. 42 64 .05 
b 79 .80 78, .02 63 .24 60. 58 65. 81 69 .49 
12a 69 .68 60, .80 57 .46 66. 93 57. 17 62 .41 
b 74 .25 59, .63 53, .17 52. 37 70. 73 62, .03 
13a 56 .58 64, .46 49 .45 59. 00 56. 97 57, .29 
b 60 .92 69, .78 52, .00 64, ,52 60. 07 61, .46 
14a 77 .13 58, .10 51, .83 69. ,21 71. 32 65, .52 
b 76, .05 54, .18 72, .09 63. ,51 59. 84 65, .13 
B^ased on 40 plants per sub -plot. 
2 
ct — ri.A.ù L-â«=uci.'a.Lj.Ou, u — xj.ro c. iicITâc. J.G ïi* 
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Table 21, Mean number of cavities per plant at harvest in the fall, 
B37, 19691 
Treatment Replicate number 
number I II III IV V Mean 
la 0.55 0.55 0.05 0.55 0.25 0.39 
b 1.40 0.95 0.70 0.95 0.55 0.91 
2a 0.95 0.60 0.60 0.25 0.50 0.58 
0.80 1.25 1.10 1.25 1.05 1.09 
3a 1.20 0.95 0.55 0.80 0.50 0.80 
b 3.15 2.50 1.75 2.35 2.00 2.35 
4a 1.35 0.55 0.95 0.75 1.00 0.92 
b 4.60 4.10 3.05 3.65 4.15 3.91 
5a 0.90 1.05 1.15 1.05 1.10 1.05 
b 3.00 4.90 4.25 4.30 5.45 4.38 
6a 1.70 1.10 1.15 0.85 1.45 1.25 
b 6.50 5.75 4.85 7.85 8.15 6.62 
7a 1.60 1.10 1.55 1.00 1.40 1.33 
b 9.95 8.20 7.40 8.05 9.55 8.63 
8a 1.20 2.15 1.60 1.50 1.50 1.59 
b 8.65 9.55 9.60 10.45 10.60 9.77 
9a 0.45 0.15 0.05 0.10 0.25 0.20 
b 0.10 0.20 0.15 0.10 0.25 0.16 
10a 0.40 0.50 0.30 0.15 0.25 0.32 
b 0.65 0.60 0.35 0.40 0.35 0.47 
11a 0.65 0.40 0.10 0.20 0.15 0.30 
b 0.50 0.35 0.05 0.25 0.40 0.31 
12a 0.30 0.10 0.15 0.20 0.15 0.18 
b 1.45 0.50 0.30 0.45 0.30 0.60 
13a 0.40 0.80 0.15 0.30 0.15 0.36 
b 0.65 1.05 0.40 0.55 0.30 0.59 
14a 0.65 0.20 0.50 0.35 0.15 0.37 
b 0.65 0.35 0.80 0.65 0.35 0.56 
A^verage of the cavities in 40 individual plants. 
2 
a = First-generation, b = first plus second-generation. 
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Tabic 22. Leaf feeding ratings due to first-generation corn borer larvae, 
B37, 19691 
Treatment Replicate number 
number I II III IV V Mean 
la 1.80 1.55 1.00 1.15 1.25 1.35 
b 1.20 1.25 1.30 1.20 1.60 1.31 
2a 2.25 2.00 1.45 1.55 1.85 1.82 
b 1.80 1.30 1.70 1.85 1.40 1.61 
3a 4.50 3.45 2.20 3.30 3.00 3.29 
b 3.75 4.20 2.10 3.20 3.15 3.28 
4a 4.35 4.50 3.90 5.40 4.55 4.54 
b 5.70 4.70 4.65 4.85 4.70 4.92 
5a 4.60 5.80 4.45 5.65 5.65 5.23 
b 5.65 5.80 4.45 5.55 5.35 5.36 
6a 6.55 6.30 5.60 4.60 6.45 5.90 
b 5.65 7.30 5.55 5.80 6.40 6.14 
7a 6.25 6.90 5.55 6.95 6.75 6.48 
b 6.80 6.60 6.60 6.40 7.95 6.87 
8a 8.05 7.25 7.45 7.55 6.95 7.45 
b 7.50 6.75 7.30 7.85 7.20 7.32 
9a 1.05 1.00 1.00 1.00 1.00 1.01 
b 1.00 1.00 1.00 1.00 1.00 1.00 
10a 1.00 1.00 1.00 1.00 1.10 1.02 
b 1.00 1.15 1.00 1.00 1.00 1.03 
11a 1.00 1.00 1.05 1.05 1.00 1.01 
b 1.00 1.00 1.00 1.00 1.00 1.00 
12a 1.00 1.00 1.00 1.10 1.20 1.06 
b 1.00 1.00 1.05 1.00 1.15 1.04 
13a 1.15 1.15 1.00 1.00 1.00 1.06 
b 1.00 1.00 1.00 1.00 1.05 1.01 
14a 1.15 1.00 1.00 1.00 1.00 1.03 
b 1.10 1.00 1.05 1.25 1.10 1.10 
A^verage of the ratings on 40 individual plants. 
2 
a — £ i.i.&L-^ eiici.ciLjLUii9 u — plua acuuiiJ 
Table 23. Percent of plants showing first-generation corn borer leaf 
feeding injury, B37, 1969^ 
2 
Treatment Replicate number 
number I II III IV V Mean 
la 22.50 15.00 0.00 5.00 10.00 10.50 
b 7.50 10.00 7.50 5.00 20.00 10.00 
2a 32.50 27.50 20.00 17.50 27.50 25.00 
b 22.50 10.00 25.00 22.50 15.00 19.00 
3a 80.00 75.00 35.00 67.50 70.00 65.50 
b 75.00 90.00 57.50 72.50 72.50 73.50 
4a 82.50 90.00 77.50 97.50 92.50 88.00 
b 95.00 95.00 82.50 97.50 92.50 92.50 
5a 97.50 97.50 90.00 97.50 92.50 95.00 
b 97.50 95.00 85.00 95.00 97.50 94.00 
6a 100,00 100.00 95.00 92.50 97.50 97.00 
b 100.00 100.00 95.00 100.00 100.00 99.00 
7a 100.00 100.00 97.50 100.00 100.00 99.50 
b 100.00 97.50 100.00 100.00 100.00 99.50 
8a 100.00 100.00 100.00 100.00 100.00 100.00 
b 100.00 100.00 100.00 100.00 100.00 100.00 
9a 2.50 0.00 0.00 0.00 0.00 0.50 
b 0.00 0.00 0.00 0.00 0.00 0.00 
10a 0.00 0.00 0.00 0.00 5.00 1.00 
b 0.00 5.00 0.00 0.00 0.00 1.00 
11a 0.00 0.00 2.50 2.50 0.00 1.00 
b 0.00 0.00 0.00 0.00 0.00 0.00 
12a 0.00 0.00 0.00 2.50 7.50 2.00 
b 0.00 0.00 2.50 0.00 5.00 1.50 
13a 5.00 5.00 0.00 0.00 0.00 2.00 
b 0.00 0.00 0.00 0.00 2.50 0.50 
14a 5.00 0.00 0.00 0.00 0.00 1.00 
b 2.50 0.00 2.50 7.50 2.50 3.00 
B^ased on 40 plants per sub-plot. 
Ill 
Table 24, Yield in bushels per acre of number 2 shelled corn adjusted to 
15.5 percent moisture, B37, 1970^ 
Treatment Replicate number 
number I II III IV V Mean 
la 36.00 30.42 37.42 38.08 60.96 40.58 
b 34.67 35.80 32.63 36.01 53.09 38.44 
2a 39.21 35.91 39.85 38.90 60.64 42.90 
b 37.82 32.96 32.57 39.67 57.75 40.15 
3a 31.14 31.97 40.40 50.60 58.90 42.60 
b 31.61 33.96 28.19 46.92 61.51 40.44 
4a 31.31 29.87 32.44 44.03 52.73 38.08 
b 34.07 29.92 23.85 39.68 41.39 33.78 
5a 29.20 29.95 32.86 30.58 57.70 36.06 
b 20.78 22.85 19.15 29.16 57.10 29.81 
6a 23.02 29.08 37.22 29.88 55.72 34.98 
b 31.21 29.06 23.32 29.89 46.86 32.07 
7a 24.14 26.57 24.78 22.44 51.29 29.84 
b 22.19 18.50 21.90 19.54 40.55 24.54 
8a 20.97 15.53 15.10 26.95 39.17 23.54 
b 19.37 11.49 14.11 11.46 26.73 16.63 
9a 38.42 38.92 41.85 44.13 57.85 44.23 
b 38.46 38.13 40.27 47.90 56.05 44.16 
10a 30.56 37.53 43.78 43.57 64.61 44.01 
b 36.91 36.77 41.62 53.70 63.25 46.45 
11a 33.05 46.50 40.41 47.28 62.33 45.91 
b 31.14 33.67 47.38 53.11 61.57 45.37 
12a 35.94 33.78 40.75 52.56 65.99 45.80 
b 37.06 27.02 38.86 45.08 67.57 43.12 
13a 34.15 32.39 33.97 48.49 45.37 38.87 
b 36.45 38.42 34.51 57.65 53.11 44.03 
14a 35.86 41.28 35.29 35.20 56.71 40.87 
b 31.01 40.27 33.42 46.05 61.80 42.51 
1 
Based on 40 plants per sub-plot. 
a — r  J-i .  b ClL XUliy U — pjLUb ;»cùOlî.d.  —gc>ii.C>ïrâ,tZl.Gi.J.a 
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Table 25. Mean number of cavities per plant at harvest in the fall, 
B37, 1970l 
2 Treatment Replicate number 
number I II III IV V Mean 
la 0.65 0.40 0.50 0.50 0.75 0.56 
b 1.05 1.05 1.10 0.85 1.15 1.04 
2a 0.45 1.15 0.35 0.75 0.45 0.63 
b 0.75 1.30 1.45 1.70 0.85 1.21 
3a 1.30 1.35 0.60 1.40 1.20 1.17 
b 1.50 1.00 2.10 1.65 1.95 1.64 
4a 0.80 1.30 1.15 1.10 1.00 1.07 
b 1.50 2.70 1.60 2.45 1.95 2.04 
5a 1.90 1.15 1.60 1.70 1.50 1.57 
b 2.45 2.25 2.70 3.55 3.90 2.97 
6a 2.10 2.05 2.15 1.45 1.80 1.91 
b 2.85 4.00 4.45 3.20 3.75 3.65 
7a 2.85 2.75 3.45 2.70 2.50 2.85 
b 4.25 10.20 7.20 4.35 5.65 6.33 
8a 2.70 2.95 4.40 3.80 3.80 3.53 
b 13.35 8.40 11.90 11.40 10.85 11.18 
9a 0.25 0.30 0.^ 5 0.70 0.55 0.41 
b 0.25 0.30 0.50 0.85 0.30 0.44 
10a 0.20 0.35 0.45 0.50 0.50 0.40 
b 0.20 0.60 0.85 0.85 0.35 0.57 
ila 0.40 0.30 0.50 0.70 0.25 0.43 
b 0.70 0.65 0.85 0.50 1.00 0.74 
12a 0.50 0.70 0.70 0.40 0.45 0.55 
b 1.60 0.95 0.65 1.00 0.85 1.01 
13a 0.85 0.30 0.35 0.70 0.85 0.61 
b 0.65 0.50 0.65 0.90 1.25 0.79 
14a 0.35 0.30 0.55 0.85 0.40 0.49 
b 0.80 0.40 0.60 0.95 0.75 0.70 
Average of the cavities in 40 individual plants, 
z = Firct-gcr.crnticn, b = fir?*" plus sAcond-generation. 
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Table 26, Leaf feeding ratings due to first-generation corn borer larvae, 
B37, 1970l 
2 
Treatment Replicate number 
lumber I II III IV V Mean 
la 1.35 1.80 1.35 1.55 1.60 1.53 
b 1.40 1.35 1.55 1.40 1.60 1.46 
2a 1.30 2.20 1.40 1.85 2.00 1.75 
b 1.50 2.70 2.15 2.10 2.00 2.09 
3a 3.00 3.20 1.90 2.20 2.30 2.52 
b 3.20 2.70 3.30 2.10 2.80 2.82 
4a 3.30 2.95 3.55 3.35 3.80 3.39 
b 3.20 2.80 3.15 2.80 4.10 3.21 
5a 4.45 3.90 5.65 6.10 5.25 5.07 
b 4.35 2.40 5.40 6.65 5.90 4.94 
6a 5.00 5.70 7.00 6.65 7.45 6.36 
b 4.70 5.70 6.40 6.70 7.55 6.21 
7a 6.95 7.50 8.20 7.05 5.40 7.02 
b 6.55 8.00 7.10 7.15 7.00 7.16 
8a 8.20 8.05 8.25 8.00 7.90 8.08 
b 8.20 7.35 8.35 8.65 8.80 8.27 
9a 1.00 1.00 1.00 1.00 1.00 1.00 
b 1.00 1.00 1.00 1.00 1.00 1.00 
10a 1.00 1.00 1.00 1.00 1.00 1.00 
b 1.00 1.00 1.00 1.00 1.00 1.00 
11a 1.00 1.00 1.00 1.00 1.00 1.00 
b 1.00 1.00 1.00 1.00 1.00 1.00 
12a 1.00 1.00 1.00 1.00 1.00 1.00 
b 1.00 1.00 1.00 1.00 1.00 1.00 
13a 1.00 1.00 1.00 1.00 1.00 1.00 
b 1.00 1.00 1.00 1.00 1.00 1.00 
14a 1.00 1.00 1.00 1.00 1.00 1.00 
b 1.00 1.00 1.00 1.00 1.00 1.00 
A^verage of the ratings on 40 individual plants. 
2 A — "Pi  ^—oonoT'a nn K = •P'lvct" r\1iic co/^ r*Ti(^  —c*OT>OT*flt**î r^ n . 
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Table 27, Percent of plants showing first-generation corn borer leaf 
feeding injury, B37, 1970^ 
2 Treatment  ^ Replicate number 
number ] [ II III IV V Mean 
la 10. 00 22 .50 15 .00 17 .50 20. 00 17 .00 
b 10. 00 12 .50 20 .00 15 .00 20. 00 15 .50 
2a 7. 50 32 .50 17 .50 25 .00 30. 00 22 .50 
b 12. 50 40 .00 32 .50 30 .00 32. 50 29 .50 
3a 65. 00 62 .50 30 .00 35 .00 37. 50 46 .00 
b 52. 50 47 .50 60 .00 30 .00 55. 00 49 .00 
4a 72. 50 50 .00 72 .50 57 .50 72. 50 65 .00 
b 67. 50 47 .50 65 .00 50 .00 77. 50 61 .50 
5a 77. 50 72 .50 95 .00 95 .00 100. 00 88 .00 
b 80. 00 42 .50 95 .00 100 .00 97. 50 83 .00 
6a 97. 50 95 .00 100 .00 100 .00 100. 00 98 .50 
b 92. ,50 100 .00 95 .00 100 .00 100, .00 97 .50 
7a 100. 00 100 .00 100 .00 100 .00 97. 50 99 .50 
b 100. 00 100 .00 95 .00 100 .00 100. 00 99 .00 
8a 100. 00 100 .00 97 .50 100 .00 100, .00 99 .50 
b 100. 00 100 .00 100 .00 100 .00 100. 00 100 .00 
9a 0. 00 0 .00 0 .00 0 .00 0. 00 0 .00 
b 0. 00 0 .00 0 .00 0 .00 0. 00 0 .00 
10a 0. 00 0 .00 0 .00 0 .00 0, .00 0 .00 
b 0, .00 0 .00 0 .00 0 .00 0, .00 0 .00 
11a 0. 00 0 .00 0 .00 0 .00 0, .00 0 .00 
b 0. 00 0 .00 0 .00 0 .00 0, .00 0 .00 
12a 0, .00 0 .00 0 .00 0 .00 0, .00 0 .00 
b 0, .00 0 .00 0 .00 0 .00 0, .00 0 .00 
13a 0. 00 0 .00 0 .00 0 .00 0, .00 0 .00 
b 0, .00 0 .00 0 .00 0 .00 0, .00 0 .00 
14a 0, .00 0 .00 0 .00 0 .00 0, .00 0 .00 
b 0, .00 0 .00 0 .00 0 .00 0. 00 0 .00 
Based on 40 plants per sub-plot. 
a = First-generation, b = first plus second-generation. 
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Table 28, Yield in bushels per acre of number 2 shelled corn adjusted to 
15.5 percent moisture, WF9 x. B37, 19691 
2 Treatment Replicate number 





































































































































































































Based on 40 plants per sub-plot. 
2 
a = First-generation, b = first plus second-generacion 
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Table 29. Mean number of cavities per plant at harvest in the fall, 
WF9 X B37, 19691 
O 
Treatment Replicate number 
number I II III IV V Mean 
la 0.95 0.95 0.70 0.40 0.70 0.74 
b 1.75 1.55 1.20 0.50 1.20 1.24 
2a 1.40 0.90 0.95 1.00 0.65 0.98 
b 1.55 1.80 1.30 1.25 0.95 1.37 
3a 0.75 1.00 0.70 1.50 1.10 1.01 
b 1.30 2.40 1.75 1.60 1.30 1.67 
4a 1.40 1.15 0.95 1.10 1.10 1.14 
b 2.35 2.65 2.25 1.80 1.80 2.17 
5a 1.35 1.70 1.60 0.90 0.90 1.29 
b 2.60 3.30 2.30 2.70 1.35 2.45 
6a 1.55 1.20 1.50 1.00 0.85 1.22 
b 3.25 3.65 3.00 2.85 1.10 2.77 
7a 1.50 1.40 1.15 0.65 1.25 1.19 
b 3.40 3.00 3.10 3.30 3.20 3.20 
8a 1.15 1.45 1.70 1.55 0.70 1.31 
b 6.15 5.15 7.15 5.15 3.20 5.36 
9a 0.50 0.60 0.95 0.60 0.35 0.60 
b 0.70 1.10 0.55 0.35 0.65 0.67 
10a 0.45 0.60 0.70 0.95 0.65 0.67 
b 0.70 1.30 1.00 0.85 0.75 0.92 
11a 0.60 0.80 0.95 0,55 0.55 0.69 
b 0.95 1.75 0.95 1.10 0.65 1.08 
12a 0.60 1.00 0.90 0.60 0.75 0.77 
b 1.65 2.45 1.70 0.80 0.45 1.41 
13a 0.50 0.60 0.85 0.40 0.50 0.57 
b 1.10 2.45 1.60 0.80 0.70 1.33 
14a 0.55 1.10 0.90 0.60 0.80 0.79 
b 1.35 1.75 1.05 1.10 1.10 1.27 
Average of the cavities in 40 individual plants, 
a = First-generation, b = first plus second-generation. 
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Table 30. Leaf feeding ratings due to first-generation corn borer larvae, 
WF9 X B37, 1969^ 
Treatment Replicate number 
number I II III IV V Mean 
la 1.70 1.45 1.45 1.35 1.15 1.42 
b 1.60 1.30 1.35 1.45 1.20 1.38 
2a 1.65 1.70 2.20 1.35 1.65 1.71 
b 2.10 2.00 2.05 2.00 1.45 1.92 
3a 2.40 3.15 1.60 2.00 2.75 2.38 
b 2.50 3.00 1.95 2.30 2.40 2.43 
4a 3.70 3.65 3.60 2.80 3.15 3.38 
b 3.10 3.70 3.80 3.05 3.70 3.47 
5a 5.75 5.20 4.20 3.25 4.05 4.49 
b 3.85 4.65 4.60 3.45 4.10 4.13 
6a 5.95 7.15 6.70 5.90 4.35 6.01 
b 6.25 6.65 6.60 5.20 3.75 5.69 
7a 7.80 7.90 7.20 6.50 6.40 7.16 
b 8.40 7.25 7.00 6.50 5.75 6.98 
8a 8.55 8.35 8.80 7.40 6.40 7.90 
b 8.55 8.10 9.00 7.25 6.65 7.91 
9a 1.25 1.20 1.70 1.45 1.25 1.37 
b 1.25 1.25 1.40 1.20 2.05 1.43 
10a 1.25 1.10 1.45 1.95 1.40 1.43 
b 1.40 1.30 1.15 1.65 1.50 1.40 
11a 1.55 1.05 1.30 1.10 1.70 1.34 
b 1.40 1.35 1.10 1.10 1.35 1.26 
12a 1.00 1.45 1.10 1.30 1.10 1.19 
b 1.30 1.20 1.25 1.15 1.45 1.27 
13a 1.65 1.05 1.45 1.25 1.35 1.35 
b 1.15 1.10 1.15 1.35 1.20 1.19 
14a 1.70 1.75 1.55 1.00 1.05 1.41 
b 1.35 1.25 1.75 1.25 1.00 1.32 
Average of the ratings on 40 individual plants. 
2 
a = ijirsc-generauioii, b  ^ IIjl&L ylu.6 secGnd-gcncrati 
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Table 31. Percent of plants showing first-generation corn borer leaf 
feeding injury, WF9 x B37, 19691 
2 Treatment Replicate number 
number I II III IV V Mean 
la 17.50 10.00 17.50 10.00 5.00 12.00 
b 22.50 12.50 12.50 15.00 2.50 13.00 
2a 15.00 22.50 37.50 7.50 25.00 21.50 
b 35.00 35.00 27.50 30.00 15.00 28.50 
3a 47.50 57.50 20.00 25.00 50.00 40.00 
b 47.50 47.50 30.00 35.00 35.00 39.00 
4a 65.00 67.50 70.00 55.00 52.50 62.00 
b 60.00 65.00 67.50 57.50 75.00 65.00 
5a 95.00 92.50 75.00 67.50 90.00 84.00 
b 70.00 80.00 75.00 70.00 82.50 75.50 
6a 97.50 100.00 100.00 95.00 90.00 96.50 
b 100.00 100.00 100.00 95.00 75.00 94.00 
7a 100.00 100.00 100.00 97.50 100.00 99.50 
b 100.00 100.00 95.00 100.00 100.00 99.00 
8a 100.00 100.00 100.00 100.00 100.00 100.00 
b 100.00 100.00 100.00 100.00 100.00 100.00 
9a 7.50 5.00 22.50 10.00 7.50 10.50 
b 10.00 7.50 10.00 2.50 32.50 12.50 
10a 5.00 5.00 15.00 30.00 10.00 13.00 
b 15.00 7.50 7.50 15.00 20.00 13.00 
11a 17.50 2.50 10.00 2.50 22.50 11.00 
b 5.00 7.50 5.00 2.50 10.00 6.00 
12a 0.00 10.00 5.00 10.00 2.50 5.50 
b 7.50 7.50 7.50 2.50 17.50 8.50 
13a 22.50 2.50 10.00 7.50 10.00 10.50 
b 5.00 2.50 5.00 10.00 5.00 5.50 
14a 20.00 20.00 20.00 0.00 2.50 12.50 
b 10.00 10.00 22.50 5.00 0.00 9.50 
Based on 40 plants per sub-plot. 
?  . . . . .  
a = ursc-generacion, D = rirsc plus second-geuetciLioii. 
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Table 32. Yield in bushels per acre of number 2 shelled corn adjusted to 
15.5 percent moisture, WF9 x B37, 1970^ 
2 Treatment Replicate number 
number I II III IV Mean 
la 134.41 123.25 127.76 125.76 127.80 
b 132.56 127.52 129.11 140.14 132.33 
2a 142.33 117.84 130.25 130.02 130.11 
b 123.97 116.13 120.48 131.07 122.91 
3a 135.55 117.95 133.40 127.40 128.58 
b 129.86 99.84 129.02 120.43 119.78 
4a 123.60 108.07 131.37 140.58 125.90 
b 112.93 103.47 144.13 118.51 119.76 
5a 127.38 125.12 114,59 128.83 123.98 
b 127.11 93.18 115.65 114.42 112.59 
6a 119.52 127.30 120.13 114.68 120.40 
b 118.02 98.18 102.60 116.89 108.92 
7a 132.38 109.71 136.82 122.98 125.47 
b 119.16 84.48 89.12 107.68 100.11 
8a 131.46 91.47 125.50 137.13 121.39 
b 100.96 77.33 95.89 100.17 93.58 
9a 151.50 112.61 135.46 139.44 134.75 
b 138.10 135.70 136.72 141.40 137.98 
10a 135.36 130.87 157.59 124.38 137.03 
b 129.46 146.66 150.58 130.13 139.20 
11a 142.17 114.42 133.49 141.20 132.82 
b 139.43 122.75 130.84 131.18 131.05 
12a 132.49 109.05 142.41 140.42 131.09 
b 137.21 126.49 128.18 137.74 132.40 
13a 139.24 131.93 122.30 139.44 133.22 
b 130.48 112.48 126.61 127.48 124.26 
14a 130.28 113.29 119.79 135.54 124.72 
b 127.32 105.99 124.54 131.55 122.35 
Based on 40 plants per sub-plot. 
a = First-eeneration. b = first DIUS second-generation. 
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Table 33. Mean number of cavities per plant at harvest in the fall, 
WF9 X B37, 1970l 
O 
Treatment Replicate number 
number I II III IV Mean 
la 0.60 0.80 0.60 0.75 0.68 
b 1.45 1.50 1.70 1.60 1.56 
2a 0.85 1.10 1.05 0.60 0.90 
b 1.65 1.95 1.60 1.90 1.78 
3a 1.00 1.35 1.55 1.95 1.46 
b 2.55 2.55 2.50 3.40 2.75 
4a 0.80 1.25 1.30 1.35 1.18 
b 3.60 4.25 2.65 2.85 3.34 
5a 1.05 1.15 1.95 1.35 1.38 
b 6.00 4.70 2.80 3.55 4.26 
6a 1.90 1.75 1.70 2.60 1.98 
b 4.90 5.70 7.50 5.60 5.92 
7a 1.45 1.90 1.50 2.45 1.82 
b 7.00 11.55 5.45 5.90 7.48 
8a 3.05 3.00 2.55 2.07 2.66 
b 13.45 12.15 11.00 11.70 12.08 
9a 0.40 0.65 0.80 1.60 0.86 
b 0.75 0.55 1.00 0.75 0.76 
10a 1.20 0.75 1.40 1.45 1.20 
b 1.10 1.15 1.20 0.90 1.08 
11a 0.85 0.55 0.85 0.90 0.78 
b 0.70 2.00 1.05 1.30 1.26 
12a 0.90 1.05 0.80 1.10 0.96 
b 1.20 1.35 1.70 1.20 1.36 
13a 0.60 0.90 0.65 1.10 0.81 
b 1.25 0.90 1.40 1.15 1.18 
14a 0.80 1.05 0.85 1.25 0.98 
b 1.40 1.35 1.10 1.85 1.42 
Average of the cavities in 40 individual plants, 
a = First-generation, b = first plus second-generation. 
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Table 34, Leaf feeding ratings due to first-generation corn borer larvae, 
WF9 X B37, 1970l 
2 Treatment Replicate number 
number I II III IV Mean 
la 1.20 1.15 1.00 1.00 1.09 
b 1.20 1.30 1.20 1.00 1.18 
2a 1.50 1.55 1.15 1.10 1.33 
b 1.40 1.20 1.40 1.30 1.33 
3a 2.80 1.75 1.75 1.40 1.93 
b 2.00 1.95 1.85 2.45 2,06 
4a 3.10 2.20 2.40 3.00 2.74 
b 2.85 3.10 1.75 3.00 2.68 
5a 3.35 4.75 4.45 3.70 4.06 
b 4.75 4.35 3.80 2.30 3.80 
6a 5.35 5.70 3.75 4.35 4.79 
b 4.80 5.10 3.90 4.70 4.63 
7a 5.75 5.75 4.20 4.95 5.16 
b 5.90 5.40 4.70 5.15 5.29 
8a 5.10 6.65 4.90 4.60 5.31 
b 5.65 6.60 6.00 4.50 5.69 
9a 1.00 1.00 1,00 1.00 1.00 
b 1.00 1.00 1.00 1.00 1.00 
10a 1.00 1.00 1.00 1.00 1.00 
b 1.00 1.00 1.00 1.00 1.00 
11a 1.00 1.00 1.00 1.00 1.00 
b 1.00 1.00 1.00 1.00 1.00 
12a 1.00 1.00 1.00 1.10 1.03 
b 1.00 1.00 1.00 1.00 1.00 
13a 1.00 1.00 1.00 1.15 1.04 
b 1.00 1.20 1.00 1.00 1.05 
14a 1.10 1.00 1.05 1.00 1.04 
b 1.15 1.00 1.00 1.00 1.04 
A^verage of the ratings on 40 individual plants. 
2 
a = First-generation, b = first plus second-generation. 
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Table 35. Percent of plants showing first-generation corn borer leaf 
feeding injury, WF9 x B37, 1970^ 
Replicate number 
number I II III IV Mean 
la 7.50 5.00 0.00 0.00 3.12 
b 7.50 7.50 7.50 0.00 5.62 
2a 15.00 20.00 7.50 2.50 11.25 
b 10.00 7.50 20.00 12.50 12.50 
3a 57.50 25.00 30.00 12.50 31.25 
b 25.00 32.50 27.50 47.50 33.12 
4a 60.00 45.00 42.50 60.00 51.87 
b 55.00 55.00 27.50 60.00 49.37 
5a 70.00 92.50 87.50 75.00 81.25 
b 82.50 85.00 75.00 42.50 71.25 
6a 100.00 95.00 75.00 92.50 90.62 
b 100.00 95.00 75.00 97.50 91.87 
7a 100.00 100.00 95.00 95.00 97.50 
b 100.00 100.00 97.50 100.00 99.37 
8a 95.00 100.00 97.50 100.00 98.12 
b 100.00 100.00 100.00 95.00 98.75 
9a 0.00 0.00 0.00 0.00 0.00 
b 0.00 0.00 0.00 0.00 0.00 
10a 0.00 0.00 0.00 0.00 0.00 
b 0.00 0.00 0.00 0.00 0.00 
11a 0.00 0.00 0.00 0.00 0.00 
b 0.00 0.00 0.00 0.00 0.00 
12a 0.00 0.00 0.00 2.50 0.62 
b 0.00 0.00 0.00 0.00 0.00 
13a 0.00 0.00 0.00 5.00 1.25 
b 0.00 7.50 0.00 0.00 1.87 
14a 2.50 0.00 2.50 0.00 1.25 
b 5.00 0.00 0.00 0.00 1.25 
B^ased 
2 
» — T' 
on 40 plants 
 ^4» i , 
per sub-plot. 
'I'J? Qornnd -generation. 
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Table 36, Analyses of variance of the effect of European corn borer 
































** significant at 1 percent level. 
Table 37. Analyses of variance of the effect of European corn borer 































* significant at 5 percent level; 
** significant at 1 percent level. 
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Table 38. Analyses of variance of the effect of European corn borer 































n^s nonsignificant at 5 percent level; 
** significant at 1 percent level. 
Table 39. Analyses of variance of the effect of European corn borer 































* significant at 5 percent level; 
125 
Table 40. Analyses of variance of the effect of European corn borer 































n^s nonsignificant at 5 percent level; 
** significant at 1 percent level. 
Table 41 . Analyses of variance of the effect of European corn borer 































^** significant at 1 percent level. 
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Table 42. Analyses of variance of yield and regression of yield on 
cavities due to first-generation infestations, WF9, 1969 
Source of Degrees of Mean 
variation freedom square F-value* 
Replications 3 114.68 
Treatment 13 142.78 3.31** 
Linear 1 945.98 21.91** 
Quadratic 1 16.09 0.37ns 
Lack of fit 11 81.28 1.88ns 
Error 39 43.16 
Total 55 
n^s nonsignificant at 5 percent level; 
** significant at 1 percent level. 
Table 43. Analyses of variance of yield and regression of yield on 
cavities due to first-generation infestations, WF9, 1970 
Source of Degrees of Mean 
variation freedom square F-value* 
Replications 4 741.48 
Treatment 13 184.05 7.75** 
Linear 1 1870.56 78.79** 
Quadratic 1 10.82 0.45ns 
Lack of fit 11 46.48 1.95ns 
Error 52 23.74 
Total 69 
^ns nonsignificant at 5 percent level; 
** significant at 1 percent level. 
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Table 44. Analyses of variance of yield and regression of yield on 
cavities due to first-generation infestations, B37, 1969 
Source of Degrees of Mean 
variation freedom square F-value^  
Replications 4 164.80 
Treatment 13 90.03 1.76ns 
Linear 1 444.38 8.65** 
Quadratic 1 14.97 0.29ns 
Lack of fit 11 64.64 1,25ns 
Error 52 51.36 
Total 69 
n^s nonsignificant at 5 percent level; 
** significant at 1 percent level. 
Table 45. Analyses of variance of yield and regression of yield on 
cavities due to first-generation infestations, B37, 1970 
Source of Degrees of Mean 
variation freedom square F-value^  
Replications 4 1425.72 
Treatment 13 203.41 9.81** 
Linear 1 2364.26 114.05** 
Quadratic 1 1.02 0.05ns 
Lack of fit 11 25.37 1.22ns 
Error 52 20.73 
Total 69 
^ns nonsignificant at 5 percent level; 
** significant at 1 percent level. 
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Table 46. Analyses of variance of yield and regression of yield on 
cavities due to first-generation infestations, WF9 x B37, 1969 
Source of Degrees of Mean 
variation freedom square F-value^ 
Replications 4 516.18 
Treatment 13 60.32 1.06ns 
Linear 1 67.39 1,18ns 
Quadratic 1 2.69 0.04ns 
Lack of fit 11 64.92 1.14ns 
Error 52 56.81 
Total 69 
n^s nonsignificant at 5 percent level. 
Table 47. Analyses of variance of yield and regression of yield on 
cavities due to first-generation infestations, WF9 x B37, 1970 
Source of Degrees of Mean 
variation freedom square F-value 
Replications 3 885.07 
Treatment 13 101.36 1,14ns 
Linear 1 855.23 9.58** 
Quadratic 1 104.92 1.17ns 
Lack of fit 11 32.51 0.36ns 
Error 39 89.26 
Total 55 
^ns nonsignificant at 5 percent level; 
** significant at 1 percent level. 
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Table 48. Analyses of variance of yield and regression of yield on 
cavities due to first plus second-generation infestations, 
WF9, 1969 
Source of Degrees of Mean  ^
variation freedom square F-value 
Replications 3 82.06 
Treatment 13 842.29 18.60** 
Linear 1 10321.31 228.04** 
Quadratic 1 51.22 1.13ns 
Lack of fit 11 52.48 1.16ns 
Krror 39 45.26 
Total 55 
n^s nonsignificant at 5 percent level; 
** significant at 1 percent level. 
Table 49. Analyses of variance of yield and regression of yield on 
cavities due to first plus second-generation infestations, 
WF9, 1970 
Source of Degrees of Mean  ^
variation freedom square F-value 
Rep]ications 4 592.69 
Treatment 13 461.92 12.11** 
Linear 1 4748.94 124.54** 
Quadratic 1 359.94 9.43** 
Lack of fit 11 81.46 2.13* 
Error 52 38.13 
Total 69 
^ * significant at 5 percent level; 
** significant at 1 percent level. 
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Table 50. Analyses of variance of yield and regression of yield on 
cavities due to first plus second-generation infestations, 
B37, 1969 
Source of Degrees of Mean 
variation freedom square F-value^ 
Replications 4 155.31 
Treatment 13 387.28 6.46*)t 
Linear 1 4410.23 73.60** 
Quadratic 1 8.43 0,14ns 
Lack of fit 11 56.00 0.93ns 
Error 52 59.92 
Total 69 
n^s nonsignificant at 5 percent level; 
** significant at 1 percent level. 
Table 51. Analyses of variance of yield and regression of yield on 
cavities due to first plus second-generation infestations, 
B37, 1970 
Source of Degrees of Mean 
variation freedom square F-value^  
Replications 4 1347.68 
Treatment 13 387.49 13.56** 
Linear 1 3914.50 137.06** 
Quadratic 1 554.72 19.42** 
Lack of fit 11 51.65 1.80ns 
Error 52 28.56 
Total 69 
^ns nonsignificant at 5 percent level; 
** significant at 1 percent level. 
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Table 52. Analyses of variance of yield and regression of yield on 
cavities due to first plus second-generation infestations, 
WF9 X B37, 1969 
Source of Degrees of Mean 
variation freedom square F-value^ 
Replications 4 485.44 
Treatment 13 187.88 4.35** 
Linear 1 1386.87 32.08** 
Quadratic 1 10.00 0.23ns 
Lack of fit 11 85.05 1.96ns 
Krror 52 43.22 
Total 69 
n^s nonsignificant at 5 percent level; 
** significant at 1 percent level. 
Table 53, Analyses of variance of yield and regression of yield on 
cavities due to first plus second-generation infestations, 
WF9 X B37, 1970 
Source of Degrees of Mean 
variation freedom square F-value 
Replications 3 708.88 
Treatment 13 739.12 10.17** 
Linear 1 7873.08 108.35** 
Quadratic 1 619.36 8.52** 
Lack of fit 11 101.46 1.39ns 
Error 39 72.66 
Total 55 
^ns nonsignificant at 5 percent level; 
** significant at 1 percent level. 
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Table 54. Analyses of variance of yield and regression of yield on leaf 







Replications 3 114,68 
Treatment 13 142.78 3.31 ** 
Linear 1 1491.29 34.55 ** 
Quadratic 1 16.68 0.39 ns 
Lack of fit 11 31.65 0.73 ns 
Krror 39 43.16 
Total 55 
n^s nonsignificant at 5 percent level} 
** significant at 1 percent level. 
Table 55. Analyses of variance of yield and regression of yield on leaf 






square F-value^  
Replications 4 741.48 
Treatment 13 184.05 7.75 ** 
Linear 1 1920.85 80.91 ** 
Quadratic 1 18.06 0.76 ns 
Lack of fit 11 41.25 1.73 ns 
Error 52 23.74 
Total 69 
^ns nonsignificant at 5 percent level; 
** significant at 1 percent level. 
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Table 56. Analyses of variance of yield and regression of yield on leaf 







Replications 4 164.80 
Treatment 13 90.03 1.76 ns 
Linear 1 462.08 8.99 ** 
Quadratic 1 4.85 0,09 ns 
Lack of fit 11 63.95 1.24 ns 
Error 52 51.36 
Total 69 
n^s nonsignificant at 5 percent level; 
** significant at 1 percent level. 
Table 57• Analyses of variance of yield and regression of yield on leaf 







Replications 4 1425,22 
Treatment 13 203,41 9.81 ** 
Linear 1 2234,73 107,80 ** 
Quadratic 1 30,51 1,47 ns 
Lack of fit 11 34,46 1,66 ns 
Error 52 20,73 
Total 69 
^ns nonsignificant at 5 percent level; 
** significant at 1 percent level. 
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Table 58. Analyses of variance of yield and regression of yield on leaf 








Replication 4 516.18 
Treatment 13 60.32 1.06 ns 
Linear 1 107.51 1.89 ns 
Quadratic 1 110.35 1.94 ns 
Lack of fit 11 51.49 0.90 ns 
Error 52 56.81 
Total 69 
n^s nonsignificant at 5 percent level. 
Table 59, Analyses of variance of yield and regression of yield on leaf 
feeding ratings due to first-generation infestations, WF9 x 
B37, 1970 
Source of Degrees of Mean 
variation freedom square F-value 
Replication 3 885.07 
Treatment 13 101.36 1.14 ns 
Linear 1 812.15 9.09 ** 
Quadratic 1 5.22 0.05 ns 
Lack of fit 11 45.48 0.51 ns 
Error 39 89.26 
Total 55 
^ns nonsignificant at 5 percent level; 
** significant at 1 percent level. 
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Table 60. Analyses of variance of yield and regression of yield on per­
centage of plants showing leaf feeding injury due to first-






square F-value^  
Replications 3 114.68 
Treatment 13 142.78 3.31 ** 
Linear 1 1217.66 28.21 ** 
Quadratic 1 195.68 4.53 * 
Lack of fit 11 40.25 0.93 ns 
Error 39 43.16 
Total 55 
n^s nonsignificant at 5 percent level; 
* significant at 5 percent level; 
** significant at 1 percent level. 
Table 61 . Analyses of variance of yield and regression of yield on per­
centage of plants showing leaf feeding injury due to first-
generation infestations, WF9, 1970 
Source of Degrees of Mean 
variation freedom square F-value^ 
Replications 4 741.48 
Treatment 13 184.05 7.75 ** 
Linear 1 1671.27 70.39 ** 
Quadratic 1 43.37 1.91 ns 
Lack of fit 11 61.45 2.58 * 
Error 52 23.74 
Total 69 
ns nonsignificant at 5 percent level; 
* significant at 5 percent level; 
** significant at 1 percent level. 
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Table 62. Analyses of variance of yield and regression of yield on per­
centage of plants showing leaf feeding injury due to first-






square F-value^  
Replications 4 164.80 
Treatment 13 90.03 1.76 ns 
Linear 1 427.30 8.31 ** 
Quadratic 1 66.59 1.29 ns 
Lack of fit 11 61.50 1.19 ns 
lirror 52 51.36 
Total 69 
n^s nonsignificant at 5 percent level; 
** significant at 1 percent level. 
Table 63. Analyses of variance of yield and regression of yield on per­
centage of plants showing leaf feeding injury due to first-






square F-value^  
Replications 4 1425.22 
Treatment 13 203.41 9.81 ** 
Linear 1 1912.65 92.26 ** 
Quadratic 1 127.65 6.15 * 
Lack of fit 11 54.91 2.64 ** 
Error 52 20.73 
Total 69 
^ * significant at 5 percent level; 
** significant at 1 percent level. 
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Table 64. Analyses of variance of yield and regression of yield on per­
centage of plants showing leaf feeding injury due to first-







Replications 4 516.18 
Treatment 13 60.32 1.06 ns 
Linear 1 164.08 2.88 ns 
Quadratic 1 46.88 0.82 ns 
Lack of fit 11 52.11 0.91 ns 
lîrror 52 56.81 
Total 69 
n^s nonsignificant at 5 percent level. 
Table 65, Analyses of variance of yield and regression of yield on per­
centage of plants showing leaf feeding injury due to first-







Replications 3 885.07 
Treatment 13 101.36 1.14 ns 
Linear 1 751.33 8.41 ** 
Quadratic 1 3.81 0.04 ns 
Lack of fit 11 51.14 0.57 ns 
Error 39 89.26 
Total 55 
^ns nonsignificant at 5 percent level; 
** significant at 1 percent level. 
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June July August May 
1970 
June July August 
1 0.10 0.40 0.19 
2 0.19 0.02 0.02 0.38 
3 0.76 0.35 
4 Trace 1.00 0.42 
5 Trace Trace 0.02 1.44 
6 0.84 Trace 
7 Trace 0.20 0.18 Trace 0.05 0.83 
8 1.15 0.03 0.36 
9 0.10 0.68 0.60 0.02 0.09 
10 
11 0.05 0.30 2.65 0.21 
12 Trace 1.62 0.17 0.68 
13 0.28 0.92 0.42 
14 0.08 2.19 0.13 
15 0.25 
16 0.05 0.57 
17 1.10 0.93 
18 0.16 0.08 0.05 0.68 0.41 
19 2.03 Trace 
20 0.40 0.08 Trace 
21 0.04 0.14 0.51 
22 1.30 0.30 0.02 
23 0.20 0.51 0.99 
24 
25 
26 0.22 0.21 
27 0.05 0.78 0.82 0.29 
28 Trace 
29 0.59 Trace 1.08 
30 0.19 Trace 0.05 
31 Trace Trace 
